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(54) DISPLAY AND METHOD FOR DRIViNG THE SAME 

(57) In a ptasma display device, first discharges and 
second discharges are induced by one sustain pulse 
(Psu), thereby Improving the luminous efficiency of dis- 
charge cells. 

The first discharges are induced upon raising a vo^t- 
age to a maximal value Vpu due to LC resonance by a 
recovery coil L and a panel capacitance Cp. 

The second discharges are induced upon connect- 
ing, when the voltage is lowered from the maximal value 
Vpu to Vpb, the panel capacitance Cp to the power sup- 
ply to raise the voltage to Vsus. 
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Description 

Technical Field 

[0001] The present invention relates to a display de- 5 
vice for selectively discharging a plurality of discharge 
cells to display an image and a method of driving the 
same. 

Background Art io 

[0002] Plasma display devices using PDPs (Plasma 
Display Panels) have the advantage that thinning and 
larger screens are possible, in the plasma display de- 
vices, images are displayed by utilizing light emission in is 
cases where discharge cells composing pixels are dis- 
charged. 

|0003] Fig. 46 is a diagram for explaining a method of 
driving discharge cells In an AC-type FDR As shown in 
Fig. 46, the surfaces of electrodes 301 and 302 opposite 20 
to each other are respectively covered VAifh dielectiic 
layers 303 and 304 in the discharge celt in the AC-type 
PDP. 

{0004] As shown in Fig, 46 (a), when a voltage lower 
than a discharge start voltage is applied between the 25 
electrodes 301 and 302, no discharges are induced. As 
shown in Fig, 46 (b), when a voltage in a puise shape 
(a write pulse) higher than the discharge start voltage is 
applied between the electrodes 301 and 302, discharg- 
es are induced. When the discharges are induced, neg- 30 
attve charges are stored on a wail surface of the dielec- 
tric layer 303 after moving toward the electrode 301 , and 
poslUve charges are stored on a wall surface of the di- 
electric layer 304 after moving toward the electrode 302, 
The charges stored on the wall surface of the dielectric 35 
layer 303 or 304 will be referred to as "wall charges\ 
Furi:her, a voltage induced by the wall charges wHI be 
referred to as a *^wa^l voltage". 

[0005] As shown in Fig. 46 (c), Uie negative wail 
charges are stored on the wall surface of the dielectric 40 
layer 303, and the positive wall charges are stored on 
the wall surface of the dielectric layer 304, In this case, 
the polarity of the wall voltage is opposite to the polarity 
of an externally applied voltage. Accordingly, an effec- 
tive voltage in a discharge space Is lowered as the dis- 46 
charges progress, so ^at the discharges are automati- 
cally stoi:^ed. 

[0006] As shown in Fig, 46 (d), when the polarity of 
the externaHy applied voltage is reversed, the polarity of 
the wall voltage Is the same as the polarity of the exter- so 
nally applied voltage. Accordingly, the effective voltage 
in the discharge space is raised. When the effective volt- 
age at this time exceeds the discharge start voltage, dis- 
charges which are opposite in polarity to the discharges 
shown in Fig . 46 (b) are Ind uced . Consequently, the pos- 
itive charges move toward the electrode 301 , to neutral- 
ize the negative wall charges which have already been 
stored in the dielectric layer 303. The negative charges 



move toward the electrode 302, to neutralize the posi- 
tive wall charges which have already been stored in the 
dielectric layer 304, 

[0007] As shown in Fig. 46 (e), the positive and neg- 
ative charges are respectively stored on the wall surfac- 
es of the dielectric layers 303 and 304. In this case, the 
polarity of the wall voltage is op^site to the polarity of 
the externally applied voltage. Accordingly, the effective 
voltage in the discharge space is towered as the dis- 
charges progress, so that the discharges are stopped, 
[0008] Furthermore, as shown tn Ftg, 46 (f), when the 
polarity of the externally applied voltage is reversed, dis- 
charges which are opposite in polarity to the disdiarges 
shown in Fig. 46 (d) are induced. ConseqMently, the neg- 
ative cttarges move toward the electrode 301 , and the 
positive charges move toward the electrode 302, The 
program is then returned to the state shown in Fig. 46 
(c). 

[0009] After the discharges are thus started once by 
applying the high write pulse, the discharges can be 
continued by reversing the polarity of the externally ap- 
plied voltage (sustain pulses) lower than the write pulse 
due to the function of the wall charges. To start discharg- 
es by applying a write pulse will be referred to as ad- 
dress discharges, and to continue discharges by apply- 
ing sustain pulses which are alternately reversed will be 
referred to as sustain discharges. 
[0010] Description is now made of a sustain driver in 
a conventional plasma display device for driving dis- 
charge cells by the above-mentioned driving method.. 
Fig. 47 is a circuit diagram showing the configuration of 
the sustain drh/er In the conventional plasma display de- 
vice. 

[0011] As shown in Fig- 47, the sustain driver 600 
comprises a recovery capacitor C 11 , a recovery coil L1 1 , 
switches SW11, SW12, SW21, and SW22, and diodes 
D11 and D12. 

[0012] The switch SW1 1 is connected between a pow- 
er sup|:^y terminal V1 1 and a node N11, and the switch 
SW12 is connected between Uie node Nil and a ground 
terminal- A voltage Vsus is applied to the power supply 
terminal VII , The node N11 is connected to 480 sustain 
electrodes, for example. In Fig. 47, a panel capacitance 
Cp corresponding to all capacitances among the plural- 
ity of sustain electrodes and the ground terminal is illus- 
trated. 

[0013] The recovery capacity C11 Is connected be- 
tween a node N13 and the ground terminal. The switch 
SW21 and the diode D11 are connected In series be- 
tween the node N 1 3 and a node N 1 2, and the diode D1 2 
and the switch SW22 are connected In series between 
the node N12 and the node N13. The recovery coil L11 
is connected between the node N12 and the node N11, 
[0014] Fig. 48 is a timing chart showing the operation 
In a sustain time period of the sustain drlv^ 600 shown 
in Fig. 47, In Fig, 48, a voltage at the node N11 shown 
in Fig. 47 and the operations of the switches SW21, 
SW11 , SW22, and SW12 shown in Fig. 47 are illustrat- 
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[001 5] First, in a time period Ta, the switch SW21 is 
turned on, and the switch SW12 Is turned off. At this 
time, the switches SW11 and SW22 are turned off. Con- 
sequently, the voltage at the node N11 is gently raised ^ 
due to LC (Inductance-Capacitance) resonance by the 
recovery coll L11 and the panel capacrtance Op. Then, 
in a time period Tb, the switch SW21 is turned off, and 
ttie switch SW11 Is turned on. Consequently, the voltage 
at the node N11 is rapidly raised. In a time period Tc, the 
voltage at the node N11 is fixed to Vsus^ so that sustain 
discharges are induced once by a discharge cunwt 
supplied from the power supply terminal V11 . 
[0016] Then, In a time period Td, the swit<^ SW1 1 is 
turned off, and the switch SW22 Is turned on. Conse- 
quently, the voltage at the node N11 Is gently lowered 
due to LC resonance by the recovery coll t11 and the 
panel capacitance Cp. Thereafter, In a time period Te, 
the switch SW22 is turned off, and the switch SW12 is 
turned on. Consequently, the voltage at the node N11 is 
rapidly lowered, and is fixed to a ground potential. 
[0017] By repeatedly performing the above-men- 
tioned operations in the sustain time period, periodical 
sustain pulses Psu are applied to the plurality of sustain 
electrodes, and the discharge ceWs are discharged 
when the sustain pulses Psu rise, thereby inducing sus* 
tain discharges. 

[0018] As described in the foregoing, in the conven* 
tional plasma display device, the discharge cells are dis- 
charged only once when the sustain pulse rises using 
the sustain driver or the like, and the discharges are 
stopped until the subsequent sustain pulse is applied. 
In the discharges induced once, the discharge current 
is supplied from the power supply, so that a current re- 
quired for the discharges is sufficiently supplied. How- 
ever, uttraviolet rays are saturated with respect to the 
discharge current. Further, the intensity of visible light 
\s also saturated with respect to the ultra\^o!et rays. 
Even if the discharge current is increased, therefore, lu- 
minance Is hardly Increased. 

10019] The conventional plasma display device is 
caused to emit light by thus supplying the discharge cur- 
rent from the power supply to Induce discharges only 
once. Accordingly, luminous efficiency Is reduced with 
respect to applied power. When the discharge cells are 
driven at such a iow current level that luminance is not 
saturated, the discharges themselves are unstable. 
Consequently, the discharges cannot be repeatedly sta- 
bly induced. 

[0020] On the other hand, JP-A-1 1-28241 6 discloses 
that a second voltage Vk and a first voltage Vs (> Vk) 
are applied to ail discharge cells which should be turned 
on in a sustain time period, to discharge the discharge 
cells having a low discharge voltage at the second volt- 
age Vk, while discharging the discharge cells having a 
high discharge voltage at the first voltage Vs, thereby 
dispersing a discharge current in this case, each of the 
discharge ceils is discharged once during the half of the 



sustain time period. After the discharge ceils having a 
low discharge voltage are discharged at the second volt- 
age Vk, however, the discharge cells having a high dis- 
charge voltage are discharged at the first voltage Vs. 
On the whole, It seems that the discharge ceils are dis- 
charged twice during the half of the sustain time period. 
In sudi discharges, however, each of the discharge cells 
is discharged only once. A discharge current corre- 
sponding to the whole of a PDP Is merely dispersed. 
Accordingly, luminous eificiency cannot be improved 
with respect to all the discharge cells which should be 
turned on, 

[0021] Furthermore, JP-A-11-282416, described 
above, discloses that the second voltage Vk Vs/1 0) 
and the first voltage Vs are applied to all the discharge 
cells which should be turned on in the sustain time pe- 
riod. In this case, the discharge cell having a low dis- 
charge voltage is discharged at the first voltage Vs and 
is discharged again at the second voltage Vk in the sub- 
sequent cycle, and the discharge cell having a high dis- 
charge voltage is discharged at the first voltage Vs and 
is weakly discharged again or Is not discharged at Vhe 
second voltage Vk in the subsequent cycle, fiiso in this 
case, therefore, all the discharge cells which should be 
turned on are not discharged twice during the half of the 
sustain time period. Some of the discharge celts are dis- 
charged only once. Accordingly, luminous efficiency 
cannot be improved with respect to all the discharge 
cells which should be turned on. 
[0022] Furthermore, the conventional plasma display 
device is caused to emit light by supplying a discharge 
current from the power supply to Induce discharges only 
once. Accordingly, luminous efficiency Is reduced with 
respect to applied power, resulting in Increased power 
consumption- Generally, power consumption in the 
plasma display device is higher than that in the other 
display device. It is desired that the power oonsumpSon 
is reduced. 

[0023] When the discharge cells are driven at such a 
low current level that luminance Is not saturated, the dis- 
charges themselves are unstable. Accordingly, the dis~ 
charges cannot be repeatedly stably Induced. In the 
PDP, various images are displayed. The number of dis- 
charge cells which are simultaneously turned on Is 
changed, and a required discharge current is changed. 
When the discharge cells are driven at a tow current lev- 
el, the discharges are made more unstable. 

Disclosure of the Invention 

[0024] An object of the present invention Is to provide 
a display device capable of Improving the luminous ef- 
ficiency of all discharge cells which should be turned on 
and a method of driving the same, 
[0026] /^tt^er object of the present Inven^on is to 
provide a display device capable of Improving the lumi- 
nous efficiency of all discharge cells which should be 
turned cm as well as capable of repeatedly stably indue- 
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ing discharges and a method of drrving the same. 
[0026] Still another object of the present invention is 
to provide a display device capable of repeatedly stably 
inducing discharges even if the lighting rate changed 
as well as capable of rmprovlng luminous efficiency cor- s 
responding to applied power to reduce power oonsump^ 
8on and a method of driving the same. 
[0027] A display device according to an aspect of the 
present Invention is a display device for selectively dis- 
charging a plurality of discharge cells to display an im- 
age, characterized by comprising a display pane! include 
tng the plurality of discharge ce!ls; a first driving circuit 
for applying a driving pulse to the selected discharge 
cell In the cfispiay panel to induce a first discharge; and 
a second driving circuit for increasing, after the first dis- 
charge rs at least weakened by reducing a voltage of the 
driving pulse, the voltage of the driving pulse again, to 
induce a second discharge subsequently to the first dis- 
charge. 

[0028] in the display device» the driving pulse Is ap- 
plied to the selected discharge cell In the display panel, 
to ir)duce the first discharge, and the voltage of the driv- 
ing pulse is increased again after the first discharge Is 
at least weakened by reducing the voltage of the driving 
pulse, to Induce the second discharge subsequently to 
the ffrst discharge. Consequently^ In the first discharge, 
only minimum power required for the discharge Is ap- 
plied. Accordingly, the saturation of ultraviolet rays is al- 
leviated by current Hmitation from Vtie moment the first 
discharge starts to be weakened, thereby improving lu- 
minous efficiency in the first discharge. As a result, the 
first discharge which Is high in luminous efficiency Is in- 
duced, and the second discharge is further induced by 
all the discharge cells which should be turned on, there- 
by making it possible to improve the luminous efficiency 
of all the discharge cells which should be turned on. 
[0029] it is preferable that the second driving circuit 
Induces the second discharge while a priming effect pro- 
duced by the first discharge is obtain ed» 
[0030] In this case, the second discharge is induced 
while the priming effect produced by charged particles, 
excited atoms, and so forth generated by the first dis- 
charge is obtained. Accordingly^ the second discharge 
can be induced in a state where the discharge is easily 
induced by the priming effect produced by the charged 
particles, the induced atoms, and so forth remaining in 
a discharge space by the first discharge, thereby making 
it possible to stably induce the second discharge. As a 
result, the first discharge which is high in luminous effi- 
ciency is induced, and the second discharge is further 
stably Induced by all the discharge cells which should 
be turned on. Accordingly, it is possible to improve the 
luminous efficiency of all the discharge ceils which 
^ould be birned on and to repeatedly stably IrKiuce the 
discharges, 

[0031] It is preferable that an Interval between the 
peak of the first discharge and the peak of the second 
discharge Is not less than 100ns nor more than 560ns. 



[0032] In this case, it is possible to obtain the effect of 
Improving luminous efficiency by the first discharge and 
repetitive discharge stability by the second discharge. 
[0033] It is preferable that the second driving circuit 
Induces the second discharge after the first discharge 
Is weakened and Is completely terminated. 
[0034] in this case, the saturation of ultraviolet rays is 
alleviated by current limitation from the moment the first 
discharge starts to be weakened until the first discharge 
Is terminated ^ thereby making it possible to completely 
give the effect of improving luminous efficiency by the 
first discharge. 

[0035] It is more preferable that the interval between 
the peak of the first discharge and the peak of the sec- 
ond discharge is not less than 300ns nor more than 
550ns, 

[0036] in this case, it Is possible to obtain the effect of 
improving luminous efficiency by the first discharge al- 
most to Its maximum and to obtain repetitive discharge 
stability by the second discharge, 
[0037] It is preferable that the peak intensity of the 
seccmd discharge Is not less than the peak Intensity of 
the first discharge. 

[0038] In this case, the peak intensity of the second 
discharge is not less than the peak intensity of the first 
discharge. Accordingly, the second discharge is In- 
duced in sufficient intensity, thereby making It possible 
to sufficiently store wall charges required for the subse- 
quent first discharge and to stably repeat the discharge, 
[0039] It is preferable that the plurality of discharge 
cells respectively include capacitive loads, and the first 
driving circuit comprises an inductance circuit having at 
least one inductance element having its one end con- 
nected to the capadtive load, and a resonance driving 
drcuit for outputting the driving pulse due to LC reso- 
nance by the capacitive load and the inductance ele* 
ment. 

[0040] In this case, the driving pulse is outputted due 
to LC resonance by the capacitive load and the induct- 
ance element. Accordingly, the diving pulse can be 
generated with smalt power consumption, and luminous 
efficiency in the first discharge can be improved by the 
current-limiting effect of an LC resonance circuit. 
[0041] it ts preferable that the first driving circuit com- 
prises a first capacitive element provided outside the 
display panel as a current supply source for the drMng 
pulse, the first capacitive element ^covering charges 
stored in the discharge celts. 

10042] In this case, a current required for the first dis- 
charge is supplied to the capacitive element having a 
lower ojrrent supplying capability than the power sup- 
ply. Accordingly, the current is not supplied more than 
required, and no unnecessary power is applied. Further, 
the first capacitive element is provided separately from 
the display panel outside the display panel, so that the 
capacity thereof can be considerably larger than the ca- 
pacity of the discharge cell in the display panel Conse- 
quently, the discharge current required for the first dis- 
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charge can be ensured, and the structure of the capac- 
itlve element, for example, can be easily changed, 
thereby making It possible to easify realize the most suit- 
able driving method out of various driving methods. Fur- 
ther, the ch^ges stored in the discharge cell are recov- 
ered by the first capacith/e eJement. Accordingly, tiie 
charges In the discharge cell can be efficiently used, 
thereby making It possible to reduce povi^er consump- 
tion. 

10043] it is preferable that the display device further 
comprises a thtrd driving circuit for increasing, after the 
second discharge is at least weakened by reducing the 
voltage of the drivtr^g pulse, the voltage of the driving 
pulse again, to induce a third discharge subsequently to 
the second discharge. 

[0044] In this case, after the second discharge is at 
least weakened by reducing the voltage of the driving 
pulse, the voltage of the driving pulse Is increased, to 
Induce the \h]M discharge subsequently to the second 
disoliarge. Accord ingly, the first to third discharges can 
be Induced by mlr^lmum applied power required, and lu- 
minance at the time of the discharges can be enhanced 
by continuously inducing the first to third discharges, 
thereby making it possibJe to further improve luminous 
efficiency. 

{0045] It is preferable that the third driving circuit re- 
peats an operation for Increasing, after the discharge Is 
at (east weakened by reducing the voltage of the driving 
pulse, the voltage of the driving pulse again, to contin- 
uously induce a plurality of times of discharges subse- 
quent to the second discharge. 
[0046] In this case, a plurality of times of discharges 
are Induced subsequently to the second discharge. Ac» 
cordingly, a plurality of times of discharges can be in- 
duced in minimum applied power required, and lumi- 
nance at the time of the discharges can be enhanced 
by continuously inducing the discharges a plurality of 
times, thereby making it possible to further improve lu- 
minous efficiency. 

[0047] It is preferable that the second driving circuit 
comprises a second capacitlve element provided out- 
side the display panel as a current supply source for the 
driving pulse, and a voltage source for charging the sec- 
ond capacitlve element to a predetermined voltage. 
[0048] In tf^s case, a current required for the second 
discharge is supplied by ^e second capaddve element 
charged to a predetermined voltage, that is, the capac- 
itlve element having a lower current supplying capability 
than the power supply. Accordingly, the current is not 
supplied more than required, and no unnecessary pow- 
er is applied. Further, the second capacitlve element Is 
provided separately from the display panel outside the 
display panel, so that the capacity thereof can be con- 
siderably larger than the capacity of the discharge cell 
in the display panel. Consequently, the discharge cur- 
rent required for the second discharge can be ensured, 
and the structure of the capacitlve element, for example, 
can be easily changed, thereby making it possible to 



easily realize the most suitable driving method out of 

various driving methods. 

[0049] It is preferable that the driving pulse includes 
a driving pulse which makes the transition from a first 
6 potential to a second potential and takes a maximal val- 
ue and a minimal value at least once during the transi- 
tion from the first potential to the second potential, and 
the display device further comprises a final driving circuit 
for driving the driving pulse such that the transition 
^o speed from the final extreme value to the second poten- 
tial is lower than the transition speed from the first po- 
tential to an extreme value immedtately after that and 
the transition speed from the subsequent e>dreme value 
to an extreme value Immediately after that. 
15 [D05D] In this case, the transition speed from the final 
extreme value to the second potential can be made low- 
er than the other transition speed. Accordingly, it is pos- 
sible for the driving pulse to gently make the transition 
from the last extreme value to the second potential. Con- 
20 seq uently, a sharp edge portion is not formed in this por- 
tion, thereby making It possible to restrain the radiation 
of unnecessary electromagnetic waves, 
[0051 ] It is preferable that the final d riving clrojit com- 
prises a field effect transistor having its one end receiv- 
es ing the second potential, and a current-limiting circuit for 
limiting a current of a control signal inputted to the gate 
of the field effect transistor. 

[0052] In this case, when the on-off state of the field 
effect transistor for the driving pulse to make the transi- 

30 tion to the second potential is controlled, the current of 
the control signal inputted to the gate thereof Is limited. 
Accordingly, charges for forming the channel of the field 
effect transistor are gently charged or discharged 
through the gate. Consequently, the opening or closing 

35 speed of the channel of the field effect transistor is re- 
duced, thereby making it possible to gently make the 
transition of the driving pulse to the second potential. 
[0053] A display device according to another aspect 
of the present Invention Is a display device lor selectively 

^0 discharging a plurality of discharge cells to display an 
image, characterized by comprising a display panel in- 
cluding the plurality of discharge ceMs; a driving circuit 
for applying a driving pulse to the selected discharge 
cell In the display panel to induce a second discharge 

45 after inducing a first dtsdiarg e; a detection ci rcult for de- 
tecting the lighting rate of the discharge celts v^ich are 
simultaneously turned on out of the plurality of discharge 
cells; and a control circuit for controlling the driving cir- 
cuit such that the driving pulse is changed depending 

so on the lighting rate detected by the detection circuit 
[0054] In the display device, the lighting rate of the 
discharge ceils which are simultaneously turned on out 
of tiie plurality of discharge cells, and the driving pulse 
which is changed depending on the detected lighting 

55 rate is applied to the selected discharge cell In the dis- 
play panel, to induce the second discharge after induc- 
ing the first discharge. Consequently, the most suitable 
driving pulse corresponding to the fighting rate can be 
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appHed. Accordingly, it is possible to hduce the first and 
second discharges to Improve tumlnous efficiency and 
to repeatedly stably induce the first and second dis- 
charges. As a result p it Is possible to repeatedly stably 
induce the discharges even If the lighting rate is s 
changed as weM as to improve luminous efffcdency cor- 
responding to applied power to reduce power consump- 
tion. 

[0055] It fs preferable that the display device further 
comprises a conversion circuit for converting, in order 
to divide one ftetd into a plurality of sub-fields and dis- 
charge the selected discharge ceJl for each sub-field to 
make gray scale expression, image data in the one field 
into image data in each sub-field^ the detection circuit 
comprises a sub-field lighting rate detection circuit for 
detecting the lighting rate for each sub-field^ and the 
control circuit controls the driving circuit such that the 
driving pulse is changed depending on the lighting rate 
for each sub-field detected by the sut>-field lighting rate 
detection circuit. 

[0056] in this case, Uie driving pulse can be changed 
depending on the lighting rate detected for each sub- 
field. Accordingly, it is possible to Induce the first and 
second discharges in the most suitable state corre- 
spending to the lighting rate even in a case where gray 
scale expression Is made, 

[0057] it is preferable that the driving circuit compris- 
es a first driving circuit for increasing the voltage of the 
driving pulse to induce the first discharge, and a second 
driving circuit for increasing the voltage of the driving 
pulse again to induce the second discharge after induc- 
ing the first discharge, and the control circuit controls 
the second driving circuit such that the driving pulse is 
changed depending on the lighting rate detected by the 
detection circuit. 

[0058] in this case, the second discharge is induced 
after the first discharge is induced. Accordingly, the sec- 
ond discharge can be induced in a state where a dis- 
charge space is easily discharged by the first discliarge, 
thereby making it possible to reduce applied power at 
the time of the second discharge. Further, the discharge 
current required for the second discharge can be sufn- 
ciently supplied by increasing the voltage of the driving 
pulse again, thereby making it possible to reliably form 
wall charges for ^e subsequent discharge and repeat- 
edly stably induce the subsequent first and second dis- 
charges. 

10059] It is preferable that the second driving circuit 
increases, after the first discharge is at least weakened 
by reducing the voltage of the driving pulse, the voltage 
of the driving pulse, to induce the second discharge sub- 
sequent to the first discharge. 

[0060] In this case, the voltage of the driving pulse is 
increased again after the first discharge Is at least wealc- 
ened by reducing the voltage of the driving pulse, there- 
by inducing the second discharge subsequently to the 
first discharge. Consequently, in the first discharge, the 
minimum power required for discharges are turned on. 



Accordingly, the saturation of ultraviolet rays is alleviat- 
ed by current limitation from the moment the first dis- 
charge starts to be weakened, thereby maldng It possi- 
ble to improve luminous efficiency. 
[0061] it is preferable that the control circuit changes 
the timing at which the second driving circuit increases 
the voltage of the driving pulse again depending cm the 
lighting rate detected by the detection circuit, 
[0062] In this case, the timing at which the voltage of 
the driving putse is increased is controlled depending 
on the lighting rate. Accordingly, it is possible to induce 
the first and second discharges in the most suitable 
state corresponding to the lighting rate. 
[0063] It Is pref^ble that the higher the lighting rate 
detected by the detection circuit is, the later the timing 
at which the second driving circuit increases the voltage 
of the driving pulse again is, 

[0064] In this case, the higher the lighting rate is, the 
later the timing at which the voltage of the driving pulse 
is increased again is made. Accordingly, in a portion 
where the lighting rate is high» the effect of improving 
luminous efficiency by the first discharge can be suffi- 
ciently obtained by sufRclentty separating the first dis- 
charge and the second discharge. Further, when the 
timing at which the voltage of the driving puise is in- 
creased again is gradually changed depending on the 
lighting rate, the state where light is emitted can be 
changed without giving a visually uncomfortable feeling. 
[0065] It is preferable that the control circuit controls, 
when the itghtlrig rate detected by tlie detection circuit 
reaches not less than a predetermined value, the sec-* 
ond driving circuit such that the second discharge is in- 
duced subsequently to the first discharge. 
[0066} In this case, when the lighting rate reaches not 
less than the predetermined value, the second driving 
circuit is controlled such that the second discharge is 
induced subsequently to the first discharge. The dis- 
charge is induced as in the conventional example when 
the lighting rate is lower than die predetermined value, 
and the first and second discharges can be Induced 
when the lighting rate is not less than the predetermined 
value, thereby making it possible to emit light in the most 
suitable state corresponding to the lighting rate. 
[0067] It is preferable that the control circuit controls 
the second driving circuit so as to delay the Uming at 
which the voltage of the driving puise Is increased again 
with the increase in the lighting rate detected by the de- 
tection circuit, and advance the timing at which the volt- 
age of the driving pulse is increased again when the 
lighting rate is increased to not less than the predeter- 
mined value. 

[0068] In this case, the timing at which the voltage of 
^e driving pulse is Increased again can be set to the 
^ming at which power consumption can be further re- 
duced, thereby making It possible to further reduce pow- 
er consumption. 

[0069] It is preferable that the control circuit controls 
the second driving circuit so as to switch the timing at 
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which the second driving circuit Increases the voltage of 
the driving putse again when the lighting rate detected 
by the detection circuit reaches not less than a prede- 
termined value and change the nunnber of pulses com- 
posing the driving pulse applied to the selected dis- 
charge cell \n the display pane! such that luminance ts 
approximately equal before and after the switching of 
the timing at which the voltage of the driving pulse is 
increased again. 

[0070] in this case, the number of pulses composing 
the driving pulse applied to the selected discharge cell 
in the display panel is changed such that the luminance 
is approximately equal before and after switching the 
timing at which the ventage of the driving pulse is in- 
creased again. Accordingly, the discontinuity of the lu- 
minance by switching the timing at which the voltage of 
the driving pulse is increased again can be corrected, 
and the timing at which the voltage of the driving pulse 
is increased can be switched without giving a visually 
uncomfortable feeling. 

[0071] ft is preferable that the control circuit controls 
the driving circuit suc^ that the higher the lighting rate 
defected by the detection circuit is, the longer the period 

of the driving puise is. 

[0072] in this case, even if the voltage of the driving 
pulse is made lower, the first and second discharges can 
be stably induced, thereby making It possible to further 
reduce power consumption, 

[0073] It is preferable that the control circuit controls 
the driving circuit so as to switch the period of the driving 
pulse when the lighting rate detected by the detection 
circuit reaches not less than a predetermined value and 
change the number of pulses composing me driving 
pulse applied to the selected discharge cell in the dis- 
play panel such that luminance is approximately equal 
before and after Uie switching of the period of the driving 
pulse. 

[0074] In this case, the number of pulses composing 
the driving pulse applied to the selected discharge cell 

in the display panel is changed such that the luminance 
is approximately equal before and after switching the 
period of the driving pulse. Accordingly, the discontinuity 
of the luminance by switching the period of the driving 
pulse can be corrected, and the period of the driving 
pulse can be switdied without giving a visually uncom- 
fortable feeling, 

[0075] It is preferable that the driving circuit applies, 
in the same sub-field, at least one of a first driving pulse 
for inducing a discharge once by applying one pulse and 
a second driving pulse for inducing the second dis- 
charge after Inducing the first discharge, and the control 
drcult controls the driving circuit so as to change the 
ratio of the number of times of application of the first 
drhnng pulse to the number of times of aF^Hcatlon of the 
second driving pulse depending on the lighting rate for 
each sub-field detected by the sub-field lighting rate de- 
tection circuit. 

[0076] In this case, in the same sub-field, the ratio of 



the number of times of application of the first driving 
pulse for inducing the discharge once to the number of 
times of application of the second driving pulse for in- 
ducing the second discharge after inducing the first dis- 

5 charge is changed depending on the lighting rate for 
each sub^fleld. Accordingly, ail the driving pulses in the 
same sut>field are not simultaneously switched In 
switching from the discharge induced once to the first 
and second discharges, and luminance can be contin- 

10 uously changed by gradually changing the ratio of the 
two types of driving pulses which differ in the number of 
times of discharges, thereby making it possft)le to pre- 
vent a flicker from being produced. 
[0077] It is preferable that the driving circuit applies, 

IS In the same sub-field, at least one of a first driving pulse 
for Inducing the first and second disdiarges at a first 
time interval and a second driving pulse for inducing the 
first and second discharges at a second time Interval 
longer than the first time Interval, and the control circuit 

20 controls the driving circuit so as to change the ratio of 
the number of times of application of the first driving 
pulse to the number of times of application of the second 
driving puise depending on the lighting rate for each 
sub'field detected by the sub-field lighting rate detection 

25 circuit. 

[0078] in this case, in the same sub-field, the ratio of 
the number of times of application of the first driving 
pulse for inducing the first and second discharges at a 
first time interval to the number of times of application 

30 of the second driving pulse for inducing the first and sec- 
ond discharges at a second time Interval is changed de- 
pending on the lighting rate for each sub-field. Accord- 
ingly, all the driving pulses in the same sub-field are not 
simultaneously switched in switching from the first and 

55 second discharges at a short time i nterval to the first and 
second discharges at a long time interval, and lumi- 
nance can be continuously changed by gradually 
changing the ratio of the two types of driving pulses 
which differ in the discharge interval, thereby making it 

40 possible to prevent a flicker from being produced. 

[0079J It is preferable that the period of the second 
driving pulse is longer than the period of first driving 
pulse. 

[0080] In this case, in the same sub-field, the ratio of 
45 the number of times of applicatton of the first driving 
pulse having a short period to the number of times of 
application of the second driving pulse having a long pe- 
riod is changed depending on the lighting rate for each 
sub-field. Accordingly, all the driving pulses in the same 
50 sub-field are not simultaneously switched in switching 
from the first driving pulse having a short period to the 
second driving pulse having a long period, and lumi- 
nance can be continuously changed by gradually 
changir^ the raSo of Sie two types of driving pulses 
55 which differ in the period, thereby making It possible to 
prevent a flicker from being produced. Further, even if 
the voltage of the second driving pulse is further low- 
ered, the first and second discharges can be stably in- 
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duced, thereby making it possible to further reduce pow- 
er consumption. 

[0081] It is preferable that the control circuit controls 
the driving circuit such that the higher the lighting rate 
for each sub-field detected by the sub-fi^d lighting rate s 
detection circuit is, the higher the ratio of the number of 
times of application of the second driving pulse to the 
number of times of application of the first driving pulse 
becomes. 

[0082] In this case, In switching from the first driving 
pulse to the second driving puise because the lighting 
rate for each sub-field is increased, the number of times 
of application of the second driving pulse is increased 
as the lighting rate for each sub-field is increased in the 
same sub-fieid. Accordingly, luminance can be continu- 
ously changed by gradually increasing the raSo of the 
second driving pulse in switching from the first driving 
pulse to the second driving pulse, 
[0083] ft is preferable that the control circuit controls 
the driving circuit so as to increase the ratio of the 
number of times of application of the second driving 
pulse to the number of times of application of the first 
driving pulse with the increase in the lighting rate for 
each sub"fieid detected by the sub-field lighting rate de- 
tection circuit, and further decrease the ratio of the 
number of times of application of the second driving 
pulse to the number of times of application of the first 
driving pulse with the increase in the lighting rate when 
the lighting rate is increased to not less than a predeter- 
mined value. 

[0084] in this case, the ratio of the number of times of 
application of the second driving pulse to the number of 

times of application of the first driving pulse can be set 
to a ratio at which power consumption can be ftjrther 
reduced, thereby making It possible to further reduce 
power consumption. 

[0085] it is preferable that the first driving circuit com- 
prises a first capaoitive element provided outside the 
display panel as a cunrent supply source for the driving 
pulse, 

[008 B] In this case, a current required for the first dis- 
charges are supplied by the capacltive element having 
a lower current supplying capability than the power sup- 
ply. Accordingly, the current is not supplied more than 
required, and no unnecessary power is applied. Further, 
the first capacltive element is provided separately from 
the display panel outside the display panel, so that the 
capacity thereof can be made considerably larger than 
the capacity of the discharge cells in the display panel. 
Therefore, the discharge current required for the first 
discharge can be ensured, and the structure or the like 
of the capacltive element can be easily changed, there- 
by making it possible to easily realize the most suitable 
driving method out of various driving methods, 
[0087] It is preferable that the first capacltive element 
recovers charges stored in the discharge cell 
[0088] In this case, the charges stored in the dis- 
charge cell are recovered by the first capacltive element 



Accordingly, the charges in the discharge cell can be 
efficiently used, thereby making it possible to reduce 
power consumption, 

[0089] it is preferable that the plurality of discharge 
cells respectively Include capaci^ve loads, and the first 
dri^flng drcuft corr^rises an inductance circuit ha\^ng at 
least one inductance element having its one end con- 
nected to the capacltive load, and a resonance driving 
circuit for outputting the driving pulse due to LC reso- 
nance by the capacltive load and the Inductance ele- 
ment, 

[0090] In this case, the driving pulse is outputted due 
to LC resonance by the capadttve load and the induct- 
ance element. Accordingly, the driving pulse can be 
generated with small power consumpUon, and luminous 
efficiency in the first discharge can be Improved by the 
current-limiting effect of an LC resonance circuit. 
[0091] It is preferable that the inductance circuit in- 
cludes a variable inductance circuit capable of changing 
an inductance value, and the display device further com- 
prises an inductance contrcrf circuit for changing the in- 
ductance value of the variable inductance circuit de- 
pending on the lighting rate detected by the detection 
. circuit. 

[0092] In this case, the Inductance value of the varia- 
ble inductance circuit is controlled depending on the 
lighting rate. Accordingly^ the current required for the 
discharge can be supplied due to the most suitable LC 
resonance corresponding to the lighting rate, thereby 
making rt possible to reduce p>ower consumption. 
[0093] It Is preferable that the driving drcult further 
comprises a third driving circuit for Increasing, after the 
second discharge is at least weakened by reducing the 
voltage of the driving puise, the voltage of the driving 
puise, to induce a third discharge subsequently to the 
second discharge, and the control circuit controls the 
third driving circuit such that ^e driving pulse is changed 
depending on the lighting rate detected by the detection 
circuit. 

[0094] In this case, after the second discharge is at 
least weakened by reducing the voltage of the driving 
pulse, the third discharge Is induced subsequently to the 
second discharge by increasing the voltage of the driv- 
ing pulse. Accordingly, the first to third discharges can 
be induced in minimum applied power required, and lu- 
minance at the time of the discharge can be enhanced 
by continuously inducing the first to third discharge, 
thereby making it possible to further improve luminous 
efficiency corresponding to applied power. 
[0095] It is preferable that the third driving circuit re- 
peats an operation for increasing the voltage of the driv- 
ing pulse again after the discharge Is at least weakened 
by reducing Uie voltage of the caving pulse, to continu- 
ously induce a plurality of times of discharges subse- 
quent to the second discharge, and the con^ol circuit 
controls the third driving circuit such that the driving 
pulse is changed depending on the lighting rate detect- 
ed by Ihe detectkjn circuit. 
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[0096] In this case, the plurality of times of discharges 
are induced subsequently to the second discharge. Ac- 
cordingly, the plurality of times of discharges can be in- 
duced in minimum applied power required, and tumh 
nanoe at the time of the discharges can be enhanced 
by continuously inducing the discharges a plurality of 
times, thereby mailing it possible to further improve lu- 
minous efffctency corresponding to applied power. 
[0097] It is preferable that the second driving circuit 
comprises a second capaciUve element provided out- 
side the display panel as a current supply source for the 
driving pulse, and a voltage source for charging the sec- 
ond capacltive element to a predetermined voltage. 
[0098] In this case, a current required for the second 
discharge is supplied by the second capacitive element 
charged to a predetermined voltage, that Is, the capac- 
itive element having a lower current supplying capability 
than the power supply. Accordingly, the current is not 
supplied more than required, and no unnecessary pow- 
er is applied. Further, the second capacitive element is 
provided separately from the display panel outside the 
display panel, so that the capacity thereof can be made 
considerably larger than the capadty of the discharge 
cells in the display panel. Accordingly, the discharge 
current required for the second discharge can be en- 
sured, and the structure or the like of the capacitive el- 
ement can be easily changed, thereby making it possi- 
ble to easiiy realize the most suitable driving meUiod out 
of various driving methods » 

[0099] It is preferable that the voltage source includes 
a variable voltage source capable of changing Its output 
voltage, and the display device ftjrther comprises a volt- 
age control circuit for controlling the output voltage of 
the variable voltage source such that the higher the light- 
ing rate detected by the detection circuit is, the lower a 
charging voltage for the second capacitive element be- 
comes. 

[0100] In this case, the higher the lighting rate is, the 
lower the charging voltage for the second capacitive el- 
ement can be made. Even if the lighting rate is in- 
creased, and the voltage of the driving pulse is signifi- 
cantly reduced by the first discharge, therefore, the peak 
voltage of the driving pulse at the time of the second 
discharge can be kept constant. Consequently, required 
charges can be supplied to the discharge cells depend- 
ing on the lighting rate, thereby making it possible to sta- 
bly induce the second discharge. 
10101] It Is prefierable that the voltage source Includes 
a variable voltage source capable of changing an output 
voltage, and the display device further comprises a po- 
tential detection circuit for detecting a potential of the 
6rmng pulse which is changed by the first discharge, 
and a voltage control cfrcuit for controlling an output volt- 
age of the variable voltage source such that the larger 
the amount of change In the potential detected by the 
potential detection circuit Is, the lower the charging volt- 
age for the second capacitive element becomes. 
[0102] In this case, the larger Uie amount of change 



in the potential of the driving pulse which is reduced by 
the first discharge is, the lower the charging voltage for 
the second capacitive element can be made. Even if the 
lighting rate is increased, and the voltage of the driving 

6 pulse is significantly reduced by the first discharge, 
therefore, the peak voltage of the driving pulse at the 
time of the second discharge can be kept constant. Con- 
sequently, required charges can be supplied to the dis- 
charge cells depending on the lighting rate. Further, the 

10 amount of change in the potential of the driving pulse is 
directly detected. Accordingly, the peak voltage of the 
driving pulse at the time of the second discharge can be 
adjusted vwth higher prectsicm, ther^y making it possi- 
ble to more stably induce the second discharges. 

i& [01 03] A method of driving a display device according 
to anottier aspect of the present Invention Is a method 
of selectively discharging a plurality of discharge cells 
to display an image, characterized by comprising the 
steps of applying a driving pufse to the selected dis- 

20 charge cell to induce a first discharge: and increasing, 
after ^e first discharge is at least weakened by reducing 
a voltage of the driving pulse, the voltage of the driving 
pulse again, to induce a second discharge subsequently 
to the first discharge. 

25 [01 04] In the method of driving the display device, the 
driving pulse is applied to the selected discharge cell in 
the display panel, to induce the first discharge, and the 
voltage of the driving pulse is increased again after the 
fjrst discharge is at least weakened by reducing the volt- 

30 age of the driving pulse» to induce the second dist^arge 
subsequently to the first discharge. Consequently, in the 
first discharge, only the minimum power required for the 
discharge is applied. Accordingly, the saturation of ul- 
traviolet rays is alleviated by current limitation from the 

35 moment the first discharge starts to be weakened, so 
that luminous efficiency In the first discharge Is im- 
proved* As a result, the first discharge which is high in 
luminous efficiency Is induced, and the second dis- 
charge is further induced by ail the discharge cells which 

40 should be turned on, thereby making it possible to im- 
prove the luminous efficiency of alt the discharge cells 
which should be turned on, 

[0105] It is preferable that the method of driving a dis- 
play deice further comprises the step of increasing, after 
45 the second discharge is at least weakened by reducing 
the voltage of the driving pulse, the voltage of the driving 
pulse again, to Induce a third discharge subsequently to 
the second discharge. 

[0106] In this case, the third discharge Is induced sub- 
so sequently to the second discharge by increasing the 
voltage of the driving pulse after the second discharge 
is at least weakened by reducing the voltage of the driv- 
ing pulse. Accordingly, the first to third discharges can 
be induced in minimum applied power required, and \u- 
56 mlnance at the time of the discharges can be enhanced 
by continuously inducing the first to third discharges, 
thereby making it possible to further improve luminous 
effidency. 
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[0107] It is preferable that the step of inducing the 
third discharge further comprises the step of repeating 
an operation for Increasing, after the discharge is at 
teast weakened by reducing the voltage of the dnving 
pulse, the voltage of the driving pulse again, to contin- 
uously induce a plurality of times of discharges subse- 
quently to the second discharge. 
[0108] in this case, the plurality of times of discharges 
are induced subsequently to the second discharge. Ac- 
cordingly, the plurality of times of discharges can be in- 
duced in minimum applied power required, and lumi- 
nance at the time of the discharges can be enhanced 
by continuously Inducing the discharges a plurality of 
times, thereby making it possible to further Improve lu- 
minous efficiency. 

[0109} It Is preferable that the driving pulse includes 
a dnving pulse which makes the transition from a first 
potential to a second potential and takes a maximal val- 
ue and a minimal value at least once during the transi- 
tion from the first potential to the second potential, and 
the method of driving the display device further compris- 
es the step of driving the driving pulse such that the tran- 
sition speed from the final extreme value to the second 
potential is tower than the transition speed from the first 
potential to an extreme value immediately after that and 
the transition speed from the subsequent extreme value 
to an extreme value Immediately after that. 
[01 10] In this case, the transition speed from the final 
extreme value to the second potential can be made low* 
er than the other transition speed. Accordingly, it Is pos- 
sible to gently make the transition of the driving pulse 
from the last extreme value to the second potential. Con- 
sequently a sharp edge is not formed in this portion, 
thereby making it possible to restrain the radiation of un- 
necessary electromagnetic waves. 
|01 11] A method of driving a display device according 
to still another aspect of the present invention is a meth- 
od of selectively discharging a plurality of discharge 
cells to display an fmage» characterized by comprising 
the steps of detecting the lighting rate of the discharge 
cells which are simultaneously turned on out of the plu- 
rality of discharge ceHs; and changing the driving pulse 
depending on the lighting rate detected by the detecting 
step to apply the dnving pulse to the selected discharge 
cell, and indudng a second discharge after inducing a 
first discharge. 

[01 12] In the method of driving the display device^ the 
lighting rate of the discharge cells which are simultane- 
ously turned on out of the plurality of discharge cells is 
detected, and the driving pulse which is changed de- 
pending on the detected lighting rate are applied to the 
selected disdiarge cell in the display panel, to induce 
the second discharge after inducing the first discharge. 
Consequently the most suitable driving pulse corre- 
sponding to the lighting rate can be applied. Accordingly, 
it is possible to induce the first and second discharges 
to improve luminous efficiency and to repeatedly stably 
induce the first and second discharges. As a result, it is 



possible to repeatedly stably induce the discharges 
even if the lighting rate Is changed as well as to improve 
luminous efficiency corresponding to applied power to 
reduce power consumption, 
5 [0113] It is preferable thatthe step of Inducing the first 
and second discharges comprises the steps of increas- 
ing the voltage of the driving pulse applied to the select- 
ed discharge cell, to induce the first discharge, and in- 
creasing the voltage of the driving pulse again to induce 
10 the second discharge after Inducing the first discharge, 
and changing the driving pulse depending on the lighting 
rate detected by the detecting step, 
[0114] In this case, the second discharge is Induced 
after the Urst discharge Is induced. Accordingly, the sec- 
i& ond discharge can be induced in a state where a dis- 
charge space is easily discharged by the first discharge, 
thereby making it possible to also reduce applied power 
at the time of the second discharge. Further, a discharge 
current required for the second discharge can be suffi- 
ce ciently supplied by increasing the voltage of the driving 
pulse again, ttiereby making it possible to rellaWy form 
wall charges for the subsequent discharge and repeat'* 
edty stably induce Sie subsequent first and second dis- 
charges. 

25 [0115J ft is preferable that the step of inducing the sec- 
ond discharge comprises the step of increasing, after 
the first discharge is at least weakened by reducing the 
voltage of the driving pulse, the voltage of the driving 
pulse again, to induce the second discharge subse- 

30 quently to the first discharge, and changing the timing 
at which the voltage of the driving pulse Is Ino-eased 
again depending on the lighting rate detected by the de- 
tecting step. 

[0116] In this case, the voltage of the driving pulse is 
35 increased again after the first discharge is at least weak- 
ened by reducing the voltage of the driving pulse, there- 
by induclr>g the second discharge subsequently to the 
first discharge. Consequently, the minimum power re- 
quired for the discharge is applied In the first discharge, 
40 Accordingly, the saturation of ultraviolet rays is alleviat- 
ed by current limitation from the moment the first dis- 
charge starts to be weakened^ thereby making it possi- 
ble to improve luminous efficiency. At this time, the tim- 
ing at which the voltage of the driving pulse is increased 
45 again is ccmtrolled depending on ttie lighting rate, there- 
by making it possible to induce the first and second dis- 
charges in the most suitable state correspcHiding to the 
lighting rate. 

50 Brief Description of Drawings 

[01171 

Fig. 1 is a block diagram showing the configuration 
55 of a plasma display device according to a first em- 
bodiment of the present invention. 
Fig. 2 Is a diagram for explaining an ADS system 
used In the plasma display device shown in Fig. 1 . 
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Fig. 3 is a circuit diagram showing the configuraSlon 
of a sustain driver shown In Fig. 1 . 
Fig/ 4 is a timing chart showing an example of the 
operation in a sustain tinne period of the sustain driv- 
er shown in Frg. 3 in a case where first and second 6 
discharges are continuously induced at the time of 
sustain discharges. 

Fig. 5 is a diagram showing the relationship be- 
tween a perk interval of discharge Intensity and lu- 
minous efficiency in the plasma display device fo 
shown in Fig. 1 . 

Fig. 6 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in 
Fig. 3 in a case where a peal< interval in dlsdiange 
intensity in the plasma display device shown in Fig, 

1 IS 10ns. 

Fig. 7 is a timing chart showing the operation In a 
sustain time period of the sustain driver shown in 
Fig. 3 in a case where a peak interval in discharge 
intensity in the plasma display device shown in Fig. 20 
1 is 30 ns- 

Fig. 8 Is a timing chart showir^ the operation in a 
sustain time period of the sustain driver shown in 

Fig. 3 in a case where a peak interval in discharge 
intensity in the plasma display device shown in Fig. 25 
1 is 50ns, 

Fig. 9 Is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in 
Fig. 3 in a case where a pealc interval in discdiange 
intensity in the plasma display device shown in Fig. 3o 
1 Is 60ns. 

Fig. 10 is a diagram showing the relationship be- 
tween power consumption and luminance In the 
plasma display device shown in Fig. 1. 
Fig. 11 is a block diagram showing the configuration 35 
of a plasma display device according to a second 
embodiment of the present invention. 
Fig. 12 Is a block diagram showing dne coiifiguraaon 
of a sub-field processor shown in Fig, 11. 
Fig. 1 3 Is a timing chart showing the operation in a ^0 
sustain time period of the sustain driver shown in 
Fig. 11 in a case where a delay time is Ons. 
Fig, 14 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in 
Fig, 11 in a case where a delay time is 100ns. 
Fig. 15 Is a timing chart shoving the operation In a 
sustain time period of the sustain driver shown in 
Fig. 11 in a case where a delay time is 200ns. 
Fig. 16 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in 50 
Fig. 11 in a case where a delay time is 350ns. 
Fig. 17 is a diagram showing the relationship be- 
tween an ef^ciency evaluation value and a lighting 
. rate in each delay time in the plasma display device 
shown In Fig. 1. 

Fig. 18 is a diagram showing, on the basis of the 
relationship between an efficiency evaluation value 
and a lighting rate In each delay time shown in Fig. 



17, the relationship between an efficiency evalua- 
tion value and a lighting rate in a case where the 
delay time is controlled depending on the lighting 
rate by a sub-field processor. 
Fig. 19 is a circuit diagram showing another config- 
uration of the sustain driver shown in Fig. 1 or 11- 
Fig. 20 is a timing chajl showing the operation in a 
sustain time period of the sustain driver shown in 
Fig. 19. 

Fig. 21 Is a block diagram showing the configuration 
of a plasma display device according to a third em- 
bodiment of the present Invention. 
Fig. 22 is a circuit diagram showing the configura- 
tion of a sustain driver shown in Fig. 21 . 
Fig. 23 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in 
Fig. 22, 

Fig. 24 is a diagram showing the waveform of a sus- 
tain pulse In a case where discharges are continu- 
ously induced a plurality of times by the present in- 
vention. 

Fig. 25 Is a block diagram showing the conHgu ration 
of a plasma display device according to a fourth em- 
bodiment of the present invention. 
Fig. 26 is a block diagram showing the configuration 
of a plasma display device according to a fifth em- 
bodiment of the present invention. 
Fig. 27 rs a block diagram showing the configuration 
of a sub-field processor shown in Fig. 26. 
Fig. 28 is a diagram showing the relationship be- 
tween a complete lighting voltage and a lighting 
rate. 

Fig, 29 Is a block diagram showing the configuration 
of 3 plasma display device according to a sixth em- 
bodiment of the present invention. 
Fig. 30 is a block diagram showing the configuration 
of a sub-field fHocessor shown in Fig» 29. 
Fig. 31 Is a timing chart showing the operation In a 
sustain time period of a sustain driver shown in Fig. 
29 in a case where a delay time is 350ns and a sus- 
tain period is 8 \im. 

Fig. 32 Is a diagram showing the relationship be- 
tween an efficiency evaluation value and a lighting 
rate In the plasma display device shown in Fig. 29 
in a case v^/hem a sustain period Is 6 p. m and 8 ^ m. 
Fig. 33 Is a diagram showing the relationship be- 
tween an efficiency evaluation value and a lighting 
rate in a case where a sustain period is switched 
from 6 ji m to 6 m when the lightirtg rate reaches 
not less than 80 %. 

Fig. 34 is a block diagram showing the configuration 

of a plasma display device according to a seventh 

embodiment of the present invention. 

Fig. 35 is a block diagram showing the configuration 

of a sub-field processor shown in Fig. 34. 

Fig. 36 is a block diagram showing the configuration 

of a plasma display device according to an eighth 

embodiment of the present Invention. 
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Fig. 37 is a block diagram showing the configuratfon 
of a sub"fieid processor shown in Fig. 36, 
Fig, 38 Is a diagram showing the relationship be- 
tween an efficiency evatuat'ran value and a lighting 
rate in the plasma display device shown in Fig. 36. s 
Fig. 39 is a block diagram showing the oonfiguratlon 
of a plasma display device according to a ninth em- 
bodiment of the present invention. 
Fig, 40 is a block diagram showing the configuration 
of an inductance control circuit shown In Fig, 39. "fo 
Fig. 41 is a circuit diagram showing the configura- 
tion of a sustain driver shown in Fig. 39, 
Fig. 42 is a drcuit diagram showing a variabie in- 
ductance shown in Fig- 41. 
Fig. 43 is a diagram showing the relationship be- 
tween a lighting rate and an efficiency evaluation 
value in each delay time in a case where an induct- 
ance value Is 0.6 p. l-i, 

Rg, 44 is a diagram showing the relationship be- 
tween an efficiency evaiuatlon value and a Hghting 20 
rate in a case vjhere an Inductance value is 
switched from 0*6 jJt H to 0.36 ]x H when a lighting 
rate reaches not less than 65 %, 
Fig, 45 Is a circuit diagram showing the configura- 
tion of another example of the variable inductance 26 
shown in Fig. 41, 

Fig. 46 is a diagram for explaining a method of driv- 
ing discharge cells In a conventional plasma display 
device. 

Fig. 47 Is a circuit diagram showing the confrgura- so 
tion of a sustain driver in the conventional plasma 

display device. 

Fig. 46 is a timing chart showing the operation in a 
sustain period of the sustain driver shown in Fig. 47. 

Best Mode for Carrying Out the Invention 

[0118] An AC-type plasma display device will be de- 
scribed as an example of a display device according to 
the present invention. Fig. 1 is a block diagram showing 
the configuration of the plasma display device according 
to a first embodiment of the present invention. 
[0119] The piasma display device shown in Fig. 1 
comprises an A/D converts (an analog-to-digital con- 
verter) 1 . a video signal/sub-field corresponder 2, a sub- 
field processor 3» a data driver 4, a scan driver 5. a sus- 
tain driver 6, and a PDF {Plasma Display Panel) 7. 
10120] A video signal VP is inputted to the A/D con- 
verter 1 . The A/D converter 1 converts the analog video 
signal VD into digital image data, and outputs the digital 
image data to the video signal/sub-field corresponder2. 
The video signal/sub-field corresponder 2 divides one 
field \r\Xo a plurality of sub-fields and displays the sub- 
fields. Therefore, image data SP for each of the sub- 
fields is generated from the image data in the one field, 
and is outputted to the sub-field processor 3. 
[0121] The sub-field processor 3 generates a data 
driver driving control signal DS, a scan driver drmng 



control signal CS, and a sustain driver driving control 
signal US from the image data SP for each of the sub- 
fields, for example, and respectively outputs the signals 
to the data driver 4, the scan driver 5, and the sustain 
driver 6, 

[0122] The PDP 7 comprises a plurality of address 
electrodes (data electrodes) 11 , a plurality of scan elec- 
trodes 12, and a plurality of sustain electrodes 13. The 
plurality of address electrodes 11 are arranged in the 
vertical direction on a screen, and the plurality of scan 
electrodes 12 and the plurality of sustain electrodes 13 
are arranged In the horizontal direction on the screen. 
Further, the plurality of sustain electrodes 1 3 are togeUi- 
er connected. A discharge cell 14 is formed at each of 
the intersections of the address electrodes 11 , the scan 
electrodes 12, and the sustain electrodes 13. The dis- 
charge cell 14 constitutes a pixel on the screen. 
[0123] The data driver 4 is connected to the plurality 
of address electrodes 11 in the PDP 7. The scan driver 
5 has driving circuits respectively provided for the scan 
electrodes 12 provided th^eln, and each of the driving 
circuits is connected to the conresponding scan elec- 
trode 1 2 in the PDP 7. The sustain driver 6 is connected 
to the plurality of sustain electrodes 13 in the PDP 7. 
[0124] The data driver 4 applies a write pulse to the 
corresponding address electrode 11 in the PDP 7 in re- 
sponse to the image data SP in a write time period in 
accordance with the data driver driving control signal 
DS. The scan driver 5 successively applies the write 
pulse to the plurality of scan electrodes 12 In the PDP 
7 while shifting a shift pulse In the vertical scanning di- 
rection in the write time period In accordance with the 
scan driver driving control signal CS. Consequently, ad- 
dress discharges are induced in the corresponding dis- 
charge cell 14- 

[0125] Furthermore, the scan driver 6 applies period- 
ical sustain pulses to the plurality of scan electrodes 1 2 
in the PDP 7 in a sustain lime period In accordance with 
the scan driver driving control signal CS. On the other 

hand, the sustain driver 6 simultaneously applies to the 
plurality of sustain electrodes 13 in the PDP 7 sustain 
pulses which are shifted in phase by 1 80Q from the sus- 
tain pulses applied to the scan electrodes 12. Conse- 
quently, sustain discharges are induced in the corre- 
sponding discharge cell 14« 

[0126J In the plasma display device shown In Fig. 1, 
an example of gray scale expression is an ADS (Ad- 
dress Display-Period Separated) system. Fig, 2 is a di- 
agram for explaining the ADS system applied to the 
plasma display device shown in Fig. 1 . Although in Pig. 
2, an example of a negatrve-polarity pulse for inducing 
discharges when a driving pulse falls is illustrated, the 
basic operation is the same as below even in the case 
of a posltlve-polarity pulse for inducing discharges when 
the driving pulse rises. 

[0127] In the ADS system, one field {1/60 seconds - 
16.67 ms) is divided into a plurality of sub-fields on a 
time basis. When 256 gray scale expres^on is made by 
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eight bits, for example, one field is divided into eight sub- 
fields SF1 to SF8. Each of the sub-fields SF1 to SF8 is 
separated into a setup time period P1, a write time pe- 
riod P2, and a sustain time penod P3- Setup processing 
of each of sub-l^etds is performed in the setup time 
period P1» address discharges for selecting die dis- 
charge cell 14 Art^ich is tuned on are Induced in the writ© 
time period P2, and sustain discharges for display are 
induced in the sustain time period P3. 
[0128] In the setup time period P1, a single pulse is 
applied to the sustain electrode 13. A single pulse is ap- 
plied to each of the scan electrodes 12 (although the 
number of scan electrodes Is n in Fig. 2, the number of 
scan electrodes Is actually 480» for example). Conse- 
quently, preliminary discharges are induced. 
[0129] In the write time period P2, the scan electrodes 
12 are successively scanned, so that predetermined 
writing processing to only the discharge cell 14 which 
has received the pulse from the address electrode 11 is 
performed. Consequently^ address discharges are in- 
duced. 

[0130] In the sustain time period P3, a sustain pulse 
con-esponding to a value with which eac^ of the sub- 
fields SF1 to SF8 is weighted is outputted to the sustain 
electrode 13 and the scan electrodes 12. For example, 
in the sub-field SFI^ the sustain pulse is applied once 
to the sustain electrode 13, and the sustain pulse is ap- 
plied once to the scan electrodes 1 2, so that sustain dis- 
charges are induced twice in the discharge cell 14 se- 
lected in the vwite time period P2, Further^ In ^e sub- 
field SF2, the sustain pulse Is applied twice to the sus- 
tain electrode 13. and the sustain pulse Is applied twice 
to the scan electrode 12, so that sustain discharges are 
Induced four times in the discharge cell 14 selected in 
the write time period P2, 

[0131] As described in the foregoing. In each of the 
sub-fietds SF1 to SF8, the sustain polsB is applied once, 
twice, four times, eight times, 16 times, 32 times, 64 
Umes, and 1 28 times to the sustain electrode 1 3 and the 

scan electrodes 12, so that the discharge cell 14 emits 
tight in brightness (luminance) corresponding to the 
number of pulses. That is, the sustain time period P3 is 
a time period during which the discharge cell 14 selected 
in the write time period P2 is discharged a number of 
times corresponding to a brightness value with which 
the sub-field is weighted. 

[0132] The sub-fields SF1 to SF8 are respectiveiy 
weighted with brightness values 1, 2. 4, 8, 16, 32, 64, 
128- The sub-fields SF1 to SF8 are combined, thereby 
making it possible to adjust the level of the brightness 
on 256 gray scales from 0 to 255. The number of sub- 
fleids obtained by the division, the values with which the 
sub-fields are respectively weighted, and so forUi are 
r>ot particularly limited to those in the above-mentioned 
example. Various changes are possible. In order to re- 
duce a pseudo contour of a moving picture, for example, 
the sub-field SF8 may be divided into two sub-fields, to 
set a vaiue with wtiich the two sub-fields are weighted 



to 64. 

[0133] The sustain driver 6 shown in Fig. 1 will be de- 
scribed in detail. Fig. 3 is a circuit diagram showing the 
configuration of the sustain driver 6 shown in Fig. 1 . The 

5 scan driver 5 is configured and operated similariy to the 
sustain driver 6. Therefore, the detailed description of 
the scan driver 5 is omitted, and only the sustain driver 
6 will be described in detail below. Although in the fol- 
lowing description, an example of a positive-poSarity 

10 pulse for inducing discharges when the driving pulse ris- 
es is illustrated, a negative-polarity pulse for Inducing 
discharges when the driving pulse falls may be used. 
[01 34] The sustain driver 6 shown in Fig. 3 comprises 
FETs (Field Effect Transistors, w^icfi are hereinafter re- 

ie ferred to as transistors) Q1 to Q4, a recovery capacitor 
C1, a recovery coil L, diodes D1 and D2, and a current* 
limiting element IL. 

[0135] The transistor Q1 has its one end connected 
to a power supply terminal V1 and has the other end 

20 connected to a node N1. A voltage Vsus is applied to 
the power sUF)ply terminal V1, The current-limrtlng ele- 
ment IL is constituted by a resistor having a predeter- 
mined resistance value, for example, and has its one 
end receiving a control signal SI and has the other end 

26 connected to the gate of the tran sistor Q 1 . The transistor 
Q2 has its one end connected to the node N1 and has 
the other end connected to a ground terminal, and has 
its gate receiving a control signal S2, 
[0136] Although the node N1 is connected to the 480 

30 sustain electrodes 1 3, for example, a panel capacitance 
Cp corresponding to ail capacitances between the plu- 
rality of sustain electrodes 13 and the ground terminal 
is illustrated in Fig. 3, In respect to this point, the same 
is true for a sustain driver according to another embod- 

35 iment, described below. 

[0137] The recovery capacitor C1 is connected be- 
tween a node N3 and the ground terminal* The transistor 
Q3 and the diode D1 are connected in series between 
the node N3 and a node N2. The diode D2 and the tran- 
ce sistor Q4 are connected in series between the node H2 
and the node N3. A control signal S3 is inputted to the 
gate of the transistor Q3^ and a control signal S4 is in- 
putted to the gate of the transistor Q4, The recovery coil 
L is connected between the node N2 and the node N1 . 

46 [0138] In the present embodiment, the P DP 7 corre- 
sporKJs to a display panel, the scan driver 5 and the sus- 
tain driver 6 correspond to first and seoorKi driving cir- 
cuits and a final driving circuit, and ihe video signal/sub- 
fieid corresponder 2 corresponds to a conversion circuit, 

50 The recovery coil L, the recovery capacitor CI , the tran- 
sistor Q3, and the diode D1 correspond to a first driving 
circuit, and the transistor Q1, the current-limiting ele- 
ment IL, and the power st^piy terminal VI corresporKi 
to a second driving circuit. Further, the recovery capac- 

65 itor C1 corresponds to a first capacitive element, the re- 
covery coll L corresponds to an inductance circuit and 
an Inductance element, the recovery capacitor CI, the 
transistor Q3, and the diode D1 correspond to a reso- 
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nance driving circuit, the transistor Q1 corresponds to a 
field effect transistor, and the current-limiting element IL 
corresponds to a current-limiting circuit. 
101391 Fig- 4 is a timing chart showing an example of 
the operation in a sustain time period of the sustain driv- 
er 6 shown in Fig. 3 In a case where ^rst and second 
discharges are continuously induced at the lame of sus- 
tain discharges. In Fig. 4, a voltage at the node N1 
shown in Fig. 3, discharge intensity LR in the PDF 7, 
and the control signals S1 to S4 Inputted to the transis- 
tors Q1 to Q4 are illustrated. The control signals S1 to 
S4 are signals oulputted from the sub-field processor 3 
as the sustain driver driving control signal US. 
[0140] The discharge intensity Is measured by tiie foT- 
(owing method* In the case of Uie POP using mixed gas 
containing xenon, Its light emission utilizes vacuum ul- 
traviolet rays (a wavelength of 1 47 nm) generated at the 
time of discharges from xenon at a resonance level The 
vacuum ultraviolet rays cannot be observed in the air 
beyond a front glass of the PDF. On the other hand, it 
Is considered mat near infrared rays (a wavelength of 
828 nm) are emitted in the case of the transition from 
an energy level higher than the resonance level to the 
resonance level, and the near infrared rays are approx- 
imately proportional to the discharge intensity. There- 
fore, in the present specification, the intensity of the near 
infrared rays is measured with respect to one discharge 
cell using an avalanche photodiode having spectral sen- 
sitivity characteristics in a near infrared area, for exam- 
ple, and is taken as the discharge intensity. 
[0141] Consequently, the continuous first and second 
discharges, described below, mean that the second dis- 
charge is induced subsequently to the first discharge for 
each discharge cell, and all the discharge cells which 
shouid be turned on in the PDF are always discharged 
twice, and do not include a case where the discharge 
cells which are discharged early and the discharge cells 
which are discharged late are respectively discharged 
cmly once at different timings due to the variation in the 
discharge cells, 

[0142] First, In a time period TA, the control signal S2 
enters a low level so that the transistor Q2 is turned off, 
and the control signal S3 enters a high level so that the 
transistor Q3 Is turned on. At this time, the control signal 
S1 is at a low level so that the transistor Q1 is turned 
off, and the control signal S4 is at a low level so that the 
transistor Q4 is turned off. Consequently, the recovery 
capacitor 01 is connected to the recovery col! L through 
the transistor Q3 and the diode D1 , so that the voltage 
at the node Nils smoothly raised from a ground poten- 
tial Vg due to LC resonance by the recovery coll L and 
the panel capacitance Cp* At this time, charges on the 
recovery capacitor 01 are emitted to the panel capaci- 
tance Cp through the transistor Q3, the diode D1, and 
the recovery coil L. 

[0143] When the voltage at the node N1 is raised, to 
exceed a discharge start voltage in the sustain time pe- 
riod, and the discharge cell 14 starts the first discharge* 



the discharge intensity LR starts to be increased. There- 
after, the first discharge is increased to some extent. 
When a required discharge current exceeds the current 
supplying capability of a circuit comprtsirig the recovery 

5 capacitor 01 and the recovery coil L, the voltage at the 
node N1 Is lowered from a maximal value Vpu to a min- 
imal value Vpb. Accordingly, the first discharge is weak- 
ened and correspondingly, the discharge intensity LR is 
also reduced. The saturation of the amount of emission 

10 of ultraviolet rays starts to be alleviated by current limi- 
tation from the moment the first discharge starts to be 
weakened. Thereafter, the amount of saturation of the 
ultraviolet rays corresponding to the discharge current 
is reduced, resulting in improved luminous efficiency. 

15 [0144] Then in a time period TB, the control signal SI 
enters a high level so that the U-ansistorQ1 Is turned on, 
and the control signal S3 enters a low level so that the 
transistor Q3 is turned off. At this time, a current of the 
control signal SI is limited by the current-limiting ele- 

^0 ment IL , and charg es for forming the channel of the tran- 
sistor Q1 are gently charged through the gate of the tran- 
sistor Q1 . Consequently, the opening speed of the chan- 
nel of the transistor Q1 is reduced. Accordingly, the volt- 
age at the node N1 is gently raised to Vsus at a rising 

25 speed lower than a rising speed in the time period TA, 
that Is, a rising speed (voltage/time) from the ground po- 
tential Vg to the maximal value Vpu, Consequently, an 
edge portion which is rapidly changed is not formed in 
the sustain pulse Psu, thereby restraining the radiation 

^0 of u nnecessary electromagnetic waves. 

[0145] When the radia^on of the etectn;>magnetic 
waves is not a problem, the current-limiting element IL 
may not be provided. In this case, the voltage at the 
node N1 is raised to Vsus at a rising speed higher than 

35 the rising speed (voltage/time) from the ground potential 
Vg to the maximal value Vpu. 

[01 46] When Uie voltage at the node N 1 is raised from 
the minimal value Vpb, to exceed the discharge start 
voltage again, the second discharge Is started subse- 

40 quently the first discharge in the discharge cell 14, and 
the discharge intensity LR starts to be increased again. 
At this time, the second discharge is induced subse- 
quently to the first discharge. At the time of the second 
discharge, therefore, the discharge is easily induced by 

45 a FK*iming effect produced by charged particles, excited 
atoms, and so forth remaining in a discharge space by 
the first discharge, thereby malting It possible to stably 
Induce the second discharge. 

{0147] At the time of the second discharge, the dis- 
50 charge current is not limited from the power supply ter- 
mmal VI and is sufficientiy supplied. Accordingly, the 
second discharge has a sufficient intensity, that is, a 
larger peak value than the peak value of the first dis- 
charge. Accordingly, wall charges required for the sub- 
55 sequent first discharge is then sufficiently stored, there- 
by making It possible to stably repeat the sustain dis- 
charge. 

[01 48] Thereafter, when U^e voltage at the node N1 Is 
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heid at VsuSr the second discharge Is stopped as in the 
conventional example and correspondingly, the dis- 
charge intensity LR is also decreased. 
[0140] When the first and second discharges are in- 
duced continuously in the discharge cefl 14, as de- 
soibed atxive, it ts considered that luminous efficiency 
is Improved by the following reasons: 
[01 501 ^'fst in the first discharge^ charges required for 
the discharges are supplied from the recovery capacitor 
C1 through the recovery coil L, so that a current to be 
supplied is iimited to a value determined by a resonance 
circuit comprising the panel capacitance Cp and the re- 
covery coil Further* a supply source for the disdiarge 
cun^nt is flie recovery capacitor CI, When the dis- 
charge IS increased » therefore, sufficient charges can- 
not be supplied. AccordingJy, the first discharge is weak- 
ened or stopped as the voftage at the node N1 is low- 
ered. That is, in the first discharge^ the minimum charg- 
es required for the discharge is only supplied, unlike the 
case of discharges by supplying the current from the 
power supply which is connected without through an In- 
ductance element or the like and to which sufficient 
charges can be supplied. Accordingly, the saturation of 
the amount of emission of ultraviolet rays starts to be 
alleviated by current iimitation from the moment the first 
discharge starts to be weakened. Thereafter, the satu- 
ration of the ultraviolet rays corresponding to the dis- 
charge current is reduced, resulting in improved lumi- 
nous efficiency. Consequently, an extra discharge cur- 
rent which does not contribute to the emission of a fiu- 
orescent member In the discharge cell 14 does not flow, 
Oiereby making it possible to improve luminous efficien- 
cy corresponding to applied power 
[0151] in the second discharge, a wall voltage is low- 
ered by the first discharge, so that the discharge is in- 
duced in a state where an effective voltage applied to 
the discharge space is significantty low, that is, a state 
where no voltage is excess! v^y applied. Accordingly, lu- 
minous efficiency is also improved to some extent even 
in the second discharge. 

[0152J The luminous efficiency can be thus improved 
by continuousiy Inducing the first and second discharge. 
Accordingly, power consumption can be reduced by im- 
proving luminous efficiency corresponding to applied 
power. When the applied power is not lowered ^ Uie pow- 
er saved by the improvement In the luminous efSclency 
can be used for improving display luminance by the In- 
crease in the number of ^mes of light emission. 
[0153] Then in a time period TO, the control signal S1 
enters a low level so that the transistor Q1 is turned off, 
and the control signal S4 enters a high level so that the 
transistor Q4 is turned on. Consequently, the recovery 
capacitor C1 is ccmnected to the recovery coil L through 
the diode D2 and the transistor 04, so that the voltage 
at the node N1 is gently lowered due to LC resonance 
by the recovery coll L and the panel capacitance Cp, At 
this time, charges stored in the panel capacitance Cp 
are stored in the recovery capacitor C1 through the re- 



covery coil L, the diode D2, and the transistor Q4, so 
that the charges are recovered. 
[01 54] Then in a time period TD. the control signal S2 
enters a high ievei so that the transistor Q2 is turned on, 
5 and the control signal S4 enters a low level so that the 
transistor Q4 Is turned olf. Consequentiy, the node N1 
Is connected to the ground terminal, so that the voltage 
at the node N1 is lowered and is fbced to the ground po- 
tential Vg. 

10 [0155] By repeating the above-mentioned operations 
in the sustain time period, the periodical sustain pulses 
Psu for continuously inducing the first and second dis- 
charges can be applied to the plurality of sustain elec- 
trodes 1 3 at the time of the rise from the ground potential 

15 Vg to the voltage Vsus, I n the above-mentioned manner, 
sustain pulses having the same waveform as the sustain 
pulses Psu and shifted in phase by 180^ therefrom are 
also periodically applied to the scan electrode 12 by the 
scan driver 5. 

20 [01 56] Description is now made of the relationship be- 
tween a peak interval between the peak value of the first 
discharge and the peak value of the second discharge 
and luminous efficiency in a case where the first and 
second discharges are continucHJsly induced, as de- 

25 scribed above. 

[01 57] Fig. 5 is a diagram showing the relationship be- 
tween a peak interval in discharge intensity and lumi- 
nous efficiency in the plasma display device shown In 
Fig. 1 . Figs. 6 to 9 are timing charts showing the oper- 

30 ation In a sustain time period of the sust^n driver 6 
shown in Fig. 3 in cases where a peak Interval in dis- 
charge intensity In the plasma display device shown in 
Fig. 1 is 100 ns, 300 ns, 550 ns, and 600 ns. 
[0158] In Fig. 5, luminous efficiency used to enter the 

35 vertical axis is luminous efficiency (\rr\fW) corresponding 
to applied power excluding Ineffective power, and a 
peak interval used to enter the horizontal axis is a peak 
Interval (ns) between the peak value of the first dis- 
charge and the peak value of the second discharge in 
the discharge intensity in the measurements of near in- 
frared rays- Figs, 6 to 9 illustrate a voltage at the node 
N1 shown in Fig, 3, discharge intensity LR In the PDP 
7, and the control signals S1 to S4 inputted to the tran- 
sistors Q1 to Q4. 

4S [0159] Each of the timing charts shown in Figs. 6 to 9 
shows a case where the sustain period of the sustain 
pulse is set to a suffidently long period, and is the same 
as the timing chart shown In Fig. 4 except for the timing 
at which the control signal SI is changed to a high level 

50 (the timing at which the control signal S3 is changed to 
a low level), 

[0160] As shown in Fig, 5, the elfect of improving lu- 
minous efficiency by the first discharge appears when 
the peak Int^al is not less than 1 00 ns, while being the 
55 maximum when the peak interval ts 300 ns. Thereafter, 
the effect of improving luminous efficiency by the first 
discharge is continued in approximately the maximum 
state until the peak interval reaches 500 ns. and the Hj- 
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mi nous efficiency is rapidly decreased when the peak 
interval exceeds 550 ns. The discharged state in each 
of the peak intervals will be described in detail below, 
10161] When the peak interval is first 100 ns, as 
shown in Fig. 6, the voltage at the node N1 is smoothly 
raised from the ground potential Vg due to LC reso- 
nance by the recovery coH L and the panel capadfance 
Cp. When the voltage at the node N1 exceeds the dis- 
charge start voltage, the first discharge is started, so that 
the discharge Intensity LR starts to be increased. There- 
after, the first discharge is increased to some extent. 
When a required discharge current exceeds the current 
supplying capability of a circuit comprising the recovery 
capacitor CI and the recovery coil L. the voltage at the 
node N1 is low^ed from the maximal value Vpu to the 
minimal value Vpb, so that the first discharge is weak- 
ened and correspondingly, the discharge intensity LR is 
also slightly reduced. The saturation of the amount of 
emission of ultraviolet rays starts to be alleviated by cur- 
rent [imitation from the moment the first discharge starts 
to be weakened. Thereafter, the saturatton of the uttra- 
violet rays corresponding to the discharge current is re- 
duced in a time period elapsed until the voltage at die 
node N1 Is raised again, resulting In improved luminous 
efficiency. 

[0162] When the discharge current Is then supplied 
from the power supply terminal V1 , and the voltage at 
the node N1. is raised again, the second discharge is 
induced subsequently to the first discharge, and the dis- 
charge intensity LR is also increased. At this time, the 
second discharge has a sufficient intensity, that Is, a 
larger peak value than the peak value of the first dis- 
charge. Accordingly, wall charges required for the sub- 
sequent first discharge are sufficiently stored, thereby 
making it possible to stably repeat the sustain discharg- 
es. 

[0163] Then» when the peak interval is 300 ns, as 
shown in Fig. 7, the minimal value Vpb at Uie time of the 
first discharge is further lowered so that the first dis- 
charge is completely terminated once. Thereafter, when 
the discharge current is supplied from the power supply 
terminal V1, the second discharge is induced. The first 
discharge and the second discharge are thus continu- 
ously Induced in a separated state, so that the peak val- 
ue of the second discharge is larger than the peak value 
of the first discharge, 

1^164] In this case, the saturation of the amount of 
emission of ultraviolet rays is alleviated by current limi- 
tation from the moment the first discharge starts to be 
weakened until the first discharge is stopped, thereby 
making it possible to completely give the effect of im- 
proving luminous efficiency by the first discharge. Fur- 
ther, the second discharge has a sufficient intensity, that 
is, a larger peak value than the peak value of the first 
discharge. Accordingly, wall charges required for the 
subsequent first discharge are sufficiently stored, there- 
by making it possible to stably repeat the sustain dis- 
charges. 



[0165] Then, when the peak interval Is 650 ns, as 
shown in Fig. 8^ the minimal value Vpb at the time of the 
first discharge is lowered to approximately the same 
voltage as that in the case of Fig. 7, so that the first dls- 

5 charge is completeiy terminated once. Thereafter, when 
the discharge current is supplied from the power supply 
terminal V1 after an elapse of a predetermined time pe- 
rfod» the second discharge is induced. The first dis- 
charge and the second discharge are thus continuously 

fo induced in a separated state, so that the peak value of 
the second discharge is approximately equal to the peak 
value of the first discharge. 

[0166] In this case^ the saturation of the amount of 
emission of ultraviolet rays is alleviated by current itmt- 
15 tation from the moment the first discharge starts to be 
weakened until the first discharge is stopped, thereby 

making it possible to completely give the effect of im- 
proving luminous efficiency by the first discharge. Fur- 
ther, the second discharge has a peak value equal to 
20 Uie peak value of the first discharge. Accordingly, wall 
charges required for the subsequent first discharge can 
be stored, thereby making it possible to stably repeat 
the sustain discharges. 

[0167] Then, when the peak Interval is 600 ns, as 

25 shown In Fig. 9, the minimal value Vpb at the time of the 
first discharge is lowered to approximately the same 
voltage as that in the case of Fig. 7, so that the first dis- 
charge is completely terminated once. Thereafter, when 
the discharge current is supplied from the power supply 

30 terminal V1 after an elapse of a predetermined time pe- 
riod, the second discharge is Induced. The first dis- 
cbarge and the second discharge are thus continuously 
induced in a separated state. Accordingly, the peak val- 
ue of the second discharge is smaller than the peak vai- 

35 ue of the first discharge. 

[0168] In this case, the first discharge and the second 
discharge are too separated from each other. When the 
second discharge is induced, therefore, it is impossible 
to sufik^ently give the priming effect of the discharge 

40 space by the first discharge. Accordingly, the second 
discharge is smalier than the first discharge ^ and the dis- 
charge intensity LR is also reduced. When the sustain 
discharges are repeated at the peak interval, wall charg- 
es required for the subsequent first discharge are insuf- 

45 ficiently formed. While the sustain discharges are re- 
peated, the first and second discharges are gradually 
decreased, and are not in time induced, 
[0169] As a result of the foregoing, in order to obtain 
the effect of improving luminous efficiency by the first 

50 discharge, it is preferable that after the first discharge is 
at least weakened by reducing the voltage at the node 
N1 , the voltage at the node Ml is raised again, to induce 
the second discharge. In the case of the present em- 
bodiment, it is preferable that the peak interval between 

S5 the peak value of the first discharge and the peak value 
of the second discharge is not less than 1 DO ns. 
[0170] In order to obtain the repetitive stability of the 
sustain discharges by the second discharges, it is pref- 
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erab\e that the voltage at the node N1 is raised again to 
induce the second discharge while the priming effect by 
the first discharge is obtained. In the case of the present 
embodiment, it is preferable that the peak interval be- 
tween the peak value of the ^rst discharge and the peak 
value of the second discharge is not more than 550 ns. 
[0171] Consequently, it is preferable that the peak in- 
terval between the peak value of the first discharge and 
the peak value of the second discharge is not less than 
100 ns nor more than 550 ns. In this case, it is possible 
to obtain the effect of improving luminous efficiency by 
the first discharge and the repeUttve stability of the sus- 
tain discharge by the second discdiarge. Further, the 
peak interval betw^een the peak value of the first dis- 
charge and the peak value of the second discharge is 
preferably not less than 150 ns nor more than 550 ns 
and more preferably, not less than 200 ns nor more than 
500 ns. In the former case, the effect of improving lumi- 
nous efficiency by the first discharge can be further en- 
hanced. In the latter case, it is possible to obtain the 
effect of improving luminous efficiency by the first dis- 
charge almost to its maximum as well as to sufficiently 
obtain the repetitive stability of the sustain discharge by 
the second discharge. 

[0172] The peak interval between the peak value of 
the first discharge and the peak value of the second dis- 
charge is preferably not less than 300 ns nor more than 
550 ns and more preferatrfy, not less than 200 ns nor 
more Uian 400 ns. In the former case, the effect of im- 
proving luminous efficiency by the first discharge can be 
obtained almost to its maximum. In the latter case, it is 
possible to obtain the effect of improving luminous effi- 
ciency by the first discharge almost to its maximum as 
well as to more sufficiently obtain the repetitive stability 
of the sustain discharge by the second discharge. De- 
scription is now made of the relationship between power 
consumption and luminance in a case where the first 
and second discharges are continuously induced, as 
described above. Fig. 10 is a diagram showing the re- 
lationship between power consumption and luminance 
in the plasma display device shown in Fig. 1. In Fig. 10, 
a white circle indicates a measured value in a case 
where the first and second discharges are continuously 
Induced by the plasma display device according to the 
present embodiment, and a black circle Indicates a 
measured value in a case where discharges are Induced 
only once as in the conventional example as a compar- 
ative example. Power consumption (W) used to enter 
the horizontal axis is synthetic power in the sustain time 
period including charge/discharge power for the PDP, 
and luminance used to enter the vertical axis (cd/m^) Is 
a measured value of luminance actually produced from 
the PDP. 

[0173] As shown in Fig. 10, when a lighting rate on 
the PDP 7 is 40 %, it is found that luminance Is raised 
with the same power consumption in a case where the 
first and second discharges are continuously induced 
as in the present embodiment, as compared with 



conventional case where the discharge is induced only 
once. Specifically, the luminance is approximately 452 
(cd/m^) when the power consumption is approximately 
396 (W) in a case where the first and second disc^rges 

6 are continuously induced, the luminance is approxf" 
mately 451 (cd/m^) when the power consumption is ap- 
proximately 421 (W) in a case where the discharges are 
induced only once. The power consumption can be re- 
duced by approximately 6 % by continuously inducing 

10 the first and second discharges. 

[0174] When the lighting rate is 70 %, it is found that 
the luminance is significantly raised in the case where 
tiie Orst and second discharges are conUnuously in- 
duced, as shown, as compared with the conventional 

^5 case where the discharge Is induced only once. Specif- 
ically, the luminance is approximately 467 (cd/m^) when 
the power consumption is approximately 599 (W) in a 
case where the first and second discharges are contin- 
uously induced, and the luminance is approximately 445 

20 (cd^m^) when the power cOTisumption is approximately 
685 (W) In a case where the discharge Is induced only 
once. The power consumption can be reduced by ap- 
proximately 12 %, 

|0175J It is found that when the ftrst and second dis- 

25 charges are thus continuously induced, luminous effi- 
ciency corresponding to applied power is improved de- 
pending on the ligh^ng rate, thereby making it possible 
to fur^r reduce power consumption. On the other 
hand, when Vh& first and second discharges are contin- 

30 uously induced, luminous efficiency is conversefy re- 
duced depending on the lighting rate, so that power con- 
sumption may, in some cases, be increased. Therefore, 
in each of the following embodiments, the discharged 
state Is changed depending on the Hghting rate for each 

35 sub-field, and sustain discharges are induced in the 
most suitable state corresponding to the lighting rate, 
[0176] Description is now made of a plasma display 
device according to a second embodiment of flie 
present invention. Fig, 11 is a bioc^ diagram showing 

"fo the configuration of the plasma display device according 
to the second embodiment of the present invention. 
[0177] The plasma display device shown in Fig. 11 is 
the same as the plasma display device shown in Fig. 1 
except that a sub-field lighting rate measuring unit 8 is 

45 added, and ^e sub-field processor 3 is changed into a 
sub-field processor 3' for conirolling the timing at which 
a sustain pulse rises again depending on a lighting rate 
for each sub-field. Accord ingly^ the same portions are 
assigned the same reference numerals and hence, only 

&o different portions will be described in detail below. 

[0178] The sub-fietd lighting rate measuring unit 8 
shown in Fig. 11 detects the lighting rate of discharge 
cells 14 which are sImultanecmsJy driven on a PDP 7 
frc»nri image data SP for each sub-field, and outputs the 

56 results of the detection to the sub-fietd processor 3' as 
a sub-field lighting rate signal SL. 
[01 79] The lighting rate is given by the following equa- 
tion if the minimum unit of a discharge space which can 
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be independently controlled to enter a nghting/non-Hght- 
ing state shall be referred to as a discharge cell: 
[0180] (Lighting rate) = (Number of discharge cells 
which are simultaneously turned on)/{Number of all dis- 
charge cells on PDF) 

[0181] Specifically, the sub-ileld lighting rate measur- 
ing unit 8 separately calculates Uie lighting rates In all 
sub-fields using video signal information decomposed 
into one-bit information representing tighting/non-light- 
ing of the discharge cells for each sub-fieid which are 
produced by a video signal/sub-fjeld corresponder 2, 
and oulputs the results of the calculation to the sub-field 
processor 3' as the sub-field lighting rate signal SL. 
[0182] For example, the ^b-Oeld lighting rate meas- 
uring unit 8 has a counter provided therein, and flrtds 
Uie total number of discharge ceils which are turned on 
for each sub-field by increasing the value of the counter 
one at a time when the video signal information decom- 
posed into the one-bit information representing lighting/ 
non-lighting represents lighting, and divides the total 
number by the number of all discharge cefls on the PDP 
7, to find the lighting rate. 

[0183] The sub-field processor 3' generates a data 
driver driving control signat DS, a scan driver driving 
control signal CS, and a sustain driver driving control 
signal US from the image data SP, the sub-field lighting 
rate signal SL, and so forth for each sub-field, and re- 
spectively outputs the signals to a data driver 4, a scan 
driver 5, and a sustain driver 6. 
[0184] The scan driver 5 and the sustain driver 6 
change the timing at which the sustain pulse rises again 
in response to the sub-fieid lighting rate signal SL in a 
sustain time period in accordance with the scan driver 
driving control signal CS and the sustain driver driving 
control signal US, as described later. 
[0185] Fig. 12 is a block diagram showing the config- 
uration of the sub-field processor 3' shown in Fig, 11. 
The sub-field processor 3' shown in Fig, 12 comprises 
a lighting rate/delay time LUT (Look-up Table) 31 , a de- 
lay time determinator 32, a basic control signal genera- 
tor 33, and delay units 34 and 35. 
[0186] The iightmg rate/delay time LUT 31 is connect- 
ed to the delay time determinator 32, and stores in a 
table format the relationship between a lighting rate and 
a delay time Td based on experimental data. For exam- 
ple, 100 ns Is stored as the delay time Td with respect 
to the lighting rate of 0 to 45 %, 200 ns as the delay time 
with respect to the lighting rate of 45 to 60 %. and 350 
ns as the delay tfme with respect to the lighting rate of 
60 to 100%. 

[0187] Here, the delay Ume Td is defined, when the 
time when a potential at a sustain electrode 13 is raised 
to a discharge start voltage Vst at which discharges are 
induced in aooordance with a voltage rising curve deter- 
mined due to resonance by a recovery coll L and a panel 
capacitance Cp is taken as origin time, as a time period 
elapsed from the origin time until a control signal 81 en- 
ters 3 high level. Conventionally, the control signal SI 



is brought into a high level at the timing at which the 
delay time Td reaches 0 ns to supply a discharge current 
from a power supply which applies a sustain voltage 
Vsus, thereby accomplishing compatibility between the 

5 recovery of Ineffective power and stable discharges. 
[0188] The delay time det^mlnator 32 Is connected 
to the delay units 34 and 35, and reads out the corre- 
sponding delay time Td from the lighting rate/delay time 
LUT 31 in response to the sub-field lighting rate signal 

10 SL outputted from the sub-field lighting rate measuring 
unit 6 and controls the delay units 34 and 35 such that 
a delay operation is performed for only the delay time 
Td read out. The determination of the delay time Td is 
not partlculariy limited to the example in which the rela- 

is tionship between a I'^hting rate and a delay time Td 
based on experimental data is stored in a table format, 
as described above. The delay time Td corresponding 
to the lighting rate may be found from an approximate 
expression representing the relatiorwhip between a 

20 lighting rate and a delay time Td, 

[0189] The basic control signal generator 33 ou^uts 
control signals SI to S4asthe sustain driver driving con- 
trol signal US* The control signals SI and S3 are respec- 
tively outputted to the delay units 34 and 35, and the 

25 control signals 82 and S4 are outputted to the sustain 
driver 6 as they are. 

[0190] The delay unit 34 delays the leading edge of 
the control signal SI by the delay time Td determined 
by the delay time determinator 32» and the delay unit 36 

30 delays the falling edge of the control signal S3 by the 
delay time Td determined by the delay Ume determinator 
32. The edges are outputted to the sustain driver 6. The 
sustain driver 6 can be operated as in the foregoing even 
if the control signal S3 enters a low level when the con- 

35 trol signal S1 enters a low level In this case, the delay 
unit 35 can be omitted, 

[0191] By the above-mentioned configuration, the 
sub-field processor 3' changes the delay time Td de- 
pending on the lighting rate measured by the sub-field 

"to lighting rate measuring unit 8, and controls the timing at 
which the control signal S1 enters a high levei and the 
timing at which the control signa! S3 enters a low level 
[0192] The present embodiment is the same as the 
first embodiment except that the scan driver 5 and the 

45 sustain driver 6 respectively correspond to first and sec- 
ond driving circuits and a driving circuit, the sub-fieid 
lighUng rate measuring unit 8 corresponds to a detection 
circuit and a sub-field lighting rate detection circuit, and 
the sub-lleid processor 3* corresponds to a contrc^ dr- 

50 cuit 

[0193] The scan driver 5 is controlled by the sub-field 
processor 3' as in the foregoing. Similariy, the timing at 
which ^e sustain pulse applied to a scan electrode 12 
depending on the lighUng rate for each sub-tield rises 
55 again Is controlled. 

[0194] Figs. 13 to 16 are timing charts showing the 
operation in a sustain time period of the sustain driver 
6 shown in Fig. 11 in cases where the delay time Td is 
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0 ns, 100 ns, 200 ns, and 350 ns. Figs. 1 3 to 1 6 illustrate 
a voltage at the node N1 shown in Fig, 3, discharge in- 
tensity LR in the POP 7, and the control signals S1 to 
S4 Inputted to the transistors Q1 to Q4 in a case where 
Uie sustain period of the sustain pulse is 6 fi s. 
[0195] Each of timing charts showm in Figs. 13 to 16 
is the same as the timing chart shown in Fig. 4 except 
for the timing at which the control signal S1 Is changed 
to a high level (the timing at which the control signal S3 
is changed to a low level) and hence, different points will 
be described in detail below. 

[0196] First when delay time Td is 0 ns, as shown 
in Fig. 13, the voltage at the node N1 is smooUily raised 
from a ground potential Vg due to LC resonance by the 
recovery coil L and the panel capacitance Cp in a time 
period TA. When the voltage exceeds the discharge 
start voltage Vst, sustain discharges are induced. At this 
time, the control signal SI enters a high level, and the 
voltage at the node N1 is raised to the sustain voltage 
Vsus supplied from a pcwer supply terminal V1. A dis- 
charge in which the discharge current is supplied from 
the power supply are induced once, as in the conven- 
tional example, so that the discharge Intensity LR Is in- 
creased once. That is, a case where the delay time Td 
shown in Fig, 1 is 0 ns indicates a case where the dis- 
charge current is supplied from the power supply, to in- 
duce a discharge once, as in the conventional example, 
[0197] Then, when the delay time Td is 100 ns, as 
shown in Fig. 14» the voltage at the node N1 is then 
smoothly raised from the ground potential Vg due to LC 
resonance by the recovery coil L and the panel capaci- 
tance Cp in the time period TA. When the voltage ex- 
ceeds a discharge start voltage Vst, a first discharge is 
induced, and the discharge Intensity LR starts to be in- 
creased. 

[0198] Thereafter, when the first discharge is in- 
creased to some extent, and a required discharge cur- 
rent exceeds the current supplying capability of a circuit 
comprising a recovery capacity C1 and a recovery coll 
L* the voltage at the node N1 is lowered from a maximal 
value Vpu to a minimal value Vpb so that the first dis- 
charge is weakened and correspondingly, the discharge 
intensity LR is also reduced. The saturation of the 
amount of emlssiof^ of ultraviolet rays starts to be alle- 
viated by airrent limitation from the moment the first dis- 
charge starts to be weakened. Thereafter, the saturation 
of the ultraviolet rays corresponding to the discharge 
current is reduced in a time period elapsed until the volt- 
age at the node N1 is raised again, resulting In improved 
luminous efficiency. 

[0199] When the timing at which the control signal SI 
enters a high level is delayed by 100 ms from the timing 
shown in Fig. 13, to turn the transistor Q1 on, the dis- 
charge current is supplied from the power supply termi- 
nal V1 . Consequently, the voltage at the node N1 is 
raised again, the second discharge is induced subse- 
quently to the first discharge, and the discharge intensity 
LR is also Increased again. 



[0200] At this time, the second discharge has a suffi- 
cient intensity, that is, a larger peak value than the peak 
value of the first discharge. Accordingly, wall charges 
required for the subsequent first discharge are Uien suf- 
5 flcien^y stored, thweby making It possiWe to stably re* 
peat the sustain discharges, 

[0201] Then, when the delay time Td is 200 ns, as 
shown in Fig, 16, the first and second discharges are 
continuously induced, as in the case of Fig. 14. Howev- 

10 er, a time period during which charges required for the 
first discharge is supplied from the recovery capacitor 
C1 is further lengthened. Therefore, a time period during 
which su^olent charges cannot be supplied is length- 
ened. The minimal value Vpb at the node Ml is furUier 

15 decreased, so that the first discharge is further weak- 
ened, and the discharge intensity LR is also further re- 
duced. At this time, the saturation of ultraviolet rays cor- 
responding to the discharge current is further reduced , 
and the time period is lengthened, resulting in further 

20 improved luminous efficiency* 

[0202] When the timing at which the conU-oI signal S1 
enters a high level is delayed by 200 ns from the liming 
shown in Fig- 13, to turn the transistor Q1 on, charges 
required for a discharge are suppFted from the power 

25 supply terminal V1 so that the second discharge is in- 
duced, and the discharge intensity LR is then increased 
again. When the delay time Td is changed from 100 ns 
to 200 ns, the minimal value Vpb at the node N1 is fur- 
ther decreased, so that the first discharge and the sec- 

30 ond discharge enter a more separated state. According- 
ly, luminous efficiency Is further improved by the first dis- 
charge. 

(0203] Then, when the delay time Td is 350 ns, as 
shown in Fig. 16, a minimal value Vpb at the time of the 

35 first discharge is further decreased so that the first dis- 
charge is completely terminated once. Thereafter, when 
the control signal SI enters a high level so that the dis- 
charge current is supf^led from the power supply termi- 
nal V1, the second discharge Is Induced. The first dls- 

^0 charge and the second discharge are tiius continuously 
induced in a too separated state. Accordingly, the peak 
value of the second discharge is lower than Uie peak 
value of the first discharge, 

[0204] In this case, the first discharge and the second 
45 discharge are too separated from each other. When the 
second discharge is induced, therefore, the priming ef- 
fect in a discharge space cannot be sufficiently given. 
Accordingly, the second discharge is smaller than ^e 
first discharge, and the discharge intensity LR Is also 
50 reduced. When the sustain discharges are repeated at 
the delay time Td, the formation of the wall charges re- 
quired for the subsequent ^rst discharge is insufflcient 
Therefore, the first and second discharges may, in some 
cases, be gradually reduced wNfe t^^ sustain discharge- 
55 es are repeated, not to be in time induced » 

[0205] Description is now made of the relationship be- 
tween power consumption and a lighting rate in each of 
the delay times. Fig. 17 is a diagram showing the rela- 
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tlonship between an efficiency evaluation value and a 
lighting rate in each of the delay Ximes in the plasma 
display device shown in Fig. 11. 
[0206] In Fig. 1 7, a black ctrcf e indicates a case where 
the delay tirne Td is Q ns, a white circle indicates a case 
where the delay time Td is 1 00 ns, and a blac^ square 
tndlcates a case where the delay time Td is 200 ns, and 
a white triangle indicates a case where the delay time 
Td is 350 ns. An efficiency evaluation value used to en- 
ter the vertical axis is a value using as a reference value 
of efficiency (lumsnance/power consumption {including 
charge/discharge power for the PDP)) at the delay time 
0 ns in each lighting rate and normalized by dividing the 
value of (luminance/pow^ con^mptlon (including 
charge/discharge power for the PDF) at each ctelay time 
by the reference value. That is* it Is indicated that the 
larger the efficiency evaluation value is, the smaller the 
power consumption compared in the same luminance 
is. Further, a lighting rate (%) for each sub-field is used 
to enter the horizontal axis. 

[0207] As shown in Fig* 1 7, the power consumption is 
lowest when the delay time is 0 ns at the lighting rate 
in the range of 0 to 25 %, Is the lowest when the delay 
time is 100 ns at the lighting rate in the range of 25 to 
45 %r is the lowest when the delay time is 200 ns at the 
lighting rates in the range of 45 to 60 % and in the range 
of 85 to 1 00 %, and is the lowest when the delay time is 
350 ns at the lighting rate in the range of 60 to 85 %. 
(020d] When the lighting rate thus reaches not less 
than a predetermined value, the power constmiption Is 
reduced as the delay time is increased. However, it is 
found that if the delay time is too increased, the efficien- 
cy evaluation value is decreased and the power con- 
sumption is conversely increased. 
[0209] Fig, 18 is a dlagratm showing, on the basis of 
the relationship between an efficiency evaluation value 
and a lighting rate in each of the delay times shown In 
Fig, 17, the relationship between an efficiency evalua- 
tlor* value and a lighting rate in a case where the delay 
time Td is controlled depending on the lighting rate by 
the sub-field processor 3\ 

[0210] A solid line shown in Fig. 18 indicates the re- 
lationship between an efficiency evaluation value and a 
lighting rate in a case where the delay time Td is set to 
1 00 ns when the lighting rate is 0 to 45 ts set to 200 
ns when the lighting rate ts 45 to 60 %, and is set to 350 
ns when the lighting rate ts 60 to 100 %. 
[0211] That is, Fig. 18 shows a case where the first 
and second discharges are induced, and the delay time 
Td is increased depending on the lighting rate. In this 
case, the efficiency evaluation value is less than one 
when the lighting rate is 0 to 20 %, so that luminous ef- 
ficiency is made lower than that in the conventional ex- 
ample, Howeverr In the other lighting rate, luminous ef- 
ficiency Is sufficiently improved, thereby mal<ing it pos- 
sible to reduce power consumption as a whoJe. 
[0212] A portion indicated by a one-dot and dash line 
shown In Rg. 1 8 indicates the relationship between an 



efficiency evaluation value and a lighting rate in a case 
where the delay time Td is set to 0 ns when the lighting 
rate is 0 to 25 %. That is. Fig. 18 shows a case where 
the first and second discharges are induced when the 
5 iighSng rate ts not less than a predetermined value, for 
example, 25 %, and the discharge current Is supplied 
from the power supply terminal VI to induce discharges 
once, as in the conventional example, when the lighting 
rate is less than the predetermined value (25 %). In this 
10 case, the efficiency evaluation value Is one when the 
lighting rate is 0 to 25 %, thereby making it possible to 
further reduce power consumption. 
[0213] A portion Indicated by a two-dot and dash line 
tn Rg. 16 indicates the relationship between an efficien- 
ts cy evaluation value and a lightir^ rate in a case where 
the delay time Td is set to 200 ns when the fighting rate 
is 85 to 100 %. That is, Fig. 18 shows a case where the 
delay time Td is decreased when the lighting rate is not 
less than a predetermined value, for example, 86 %. !n 
20 this case, the efficiency evaluation value is further im- 
proved with respect to the lighdng rate of 85 to 100 %, 
thereby making It possible to further reduce power con- 
sumption* 

[0214] When the ti ming at which the sustain pulse Psu 

25 rises again, that is, the control signal S1 enters a high 
level is thus controlled depending on the lighting rate, 
various types of control can be carried out depending 
on characteristics between the lighting rate in the PDP 
and the power consumption. Various types of control 

30 can be carried out. For example, the delay time Td is 
successively increased as the lighting rate is increased. 
A discharge is induced once^ as In the conventional ex- 
ample, until the lighting rate reaches not less than a pre- 
determined value, and the first and second discharges 

35 are induced when the lighting rate reaches not less than 
the predetermined value. The delay time Td is short- 
ened when the lighting rate is further increased to not 
less than the predetermined value after the delay time 
Td is increased as the lighting rate is Increased. 

40 [021 5] When the delay time is increased to not less 
than the predetermined value, the discharges may, in 
some cases, be unstable. In this case, however, the dis- 
charges can be stably and continuously induced by sup- 
plying charges to the recovery capacitor CI from the ex- 

45 terior and decreasing the frequency of the sustain pulse 
in the sustain time period, 

[0216] Furthermore, v^en the discharge is induced 
only once, as in tiie conventional example, luminous ef- 
ficiency is not Improved, and luminance is not also 

50 changed. When a rapid change from a state where the 
discharge is induced only once to a state where the first 
and second discharges are induced is made, luminous 
efficiency is rapidly changed and the luminance on the 
PDP 7 is also rapidly changed* Accordingly, an uncom- 

55 fortabte feeling may. In some cases, be visually given. 
However, control is carried out such that as the fighting 
rate tor each sub-field is increased, the timing at which 
the control signal S1 enters a high level Is successively 
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delayed. The luminance is successively increased by 
making a gradual change from the discharge induced 
onc0 to the first and second discharges, thereby gMng 
no visually uncomfortabie feeling. 
[0217] It goes without saying that die same effect is 
obtained even if used as control for switching from dis- 
charge induced once to the first and second discharges 
such that no visually uncomfortable feeling Is given is 
control for switching by changing the level of a video 
signal in signal processing to make the difference be- 
tween iuminance obtained by the discharges induced 
once and luminance obtained by the first arKi second 
discharges inconspicuous in addition to the above-men- 
tioned control 

[0218] As described in the foregoing, in the present 
embodiment^ the first and second discharges are con- 
tinuously induced when the sustain pulse rises* thereby 
making it possible to Improve lunr^inous efficiency corre- 
spcHiding to a^H^lied power to reduce power consump- 
tion. Further the timing at which the sustain pulse rises 
again is controlled depending on the lighting rate for 
each sub-fteld, thereby making it possible to gradually 
Improving luminous efficiency to reduce power con- 
sumption tn a state where there is no visually uncom- 
fortable feeling. 

[0219] The lighting rate in the sub-field where one 
time of light emission is switched to two times of light 
emission is not particularly limited if power consumpticw 
can be synthetically reduced and there is no visually un- 
comfortable feeling. 

[0220] Description Is now made of another sustain 
driver which is applied to the plasma display device 
shown in Fig. 1 or 11. Fig. 19 is a circuit diagram showing 
another configuration of the sustain driver shown in Fig* 
1 or 11 . A sustain driver 6' shown in Fig. 19 Is the same 
as the sustain diiver 6 show* In Fig. 3 except that a re- 
covery coil LL and a diode DD are added in series be- 
tween a node N2 and a node Ni , Accordingly, the same 
portions are assigned the same reference numerals and 
hence, the detailed description thereof is not omitted. 
When the sustain driver 6' shown in Fig. 19 is applied 
to the plasma display device six)wn in Frg. 1, Uie scan 
driver 5 Is also changed in the same manner as de- 
scribed below, 

[0221] In the sustain driver 6' shown in Fig. 19, the 
recovery coll LL and the diode DD are connected in se- 
ries between the node N2 and the node N1, and a re- 
covery coil L and the recovery coil LL are connected in 
parallel therebetween. When a current flows from the 
r>ode N1 to the node N2* therefore, both the recovery 
coils L and LL contribute to a LC resonating operation. 
When the current flows from Uie node N2 to the node 
N1, the current flowing through the recovery coil LL is 
limited by the diode DD, and only the recovery coil L 
contributes to the LC resonating operation. 
[0222] Fig. 20 is a timing chart showing the operation 
in a sustain time period of the sustain driver 6' shown in 
Fig. 19. The timing chart shown in Fig, 20 Is the same 



as the timing chart shown in Fig, 4 except that a time 
period TB Is extended and correspondingly, a time pe- 
riod TC Is shortened. Accordingly, different points wll be 
described in detail below. 

5 [0223] Jn a time period TA, a current flowing through 
the recovery coH LL from a recovery capacitor C1 is lim- 
ited by the diode DD, and a current flowing from a re- 
covery capacitor CI flows only through the recovery coi! 
L. Consequently^ only the recovery coil L contributes to 

10 an LC resonating operation, the rise waveform of a sus- 
tain pulse Psu is the same as the waveform In the sus- 
tain drivers shown in Fig. 3. A time period during which 
the sustain pulse Psu is held at a voltage Vsus In tiie 
time period TB is extended only by a shortened part of 

15 the time period TC, 

[0224] Then in the time period TC, a current flowing 
through the recovery coil LL is not limited by the diode 
DD, and both the recovery coils L and LL contribute to 
the LC resonating operation. Consequently, LC reso- 

20 nance occurs by a composite inductance value of the 
recovery coils L and LL which Is lower than the Induct- 
ance value of the recovery coil L. Accordingly, the period 
of LC resonance is shorted, and the sustain pulse Psu 
sharply falls in a short time period. 

25 [02251 As described In the foregoing, the time period 
TC is shortened, and the time period TB is extended by 
the shortened part of the time period TC, thereby making 
it possible to extend a time periCHi during \A^ich the sus- 
tain pulse Psu is held at the voltage Vsus. Consequently, 

30 a time period during which wall c^rges are formed after 
the second discharge can be sufficiently ensured, there- 
by mailing It possible to stably form the wall charges. As 
a result, it is possible to improve the lighting stability in 
the sustain time period, 

35 [0220] Description is now made of a plasma display 
device according to a third embodiment of the present 
invention. Fig. 21 is a block diagram showing the con- 
figuration of plasma display device according to the 
third embodiment of the present invention. 

40 [0227 j The plasma display device shown in Fig. 21 is 
the same as the plasma display device shown in Fig. 11 
except that the sub-fseld processor 3' is changed into a 
sub-field processor 3a for controlling a scan driver 5a 
and a sustain driver 6a such ^at the sub-field processor 

46 3a induces a third discharge subsequently to first and 
second discharges In a sustain time period, and a volt- 
age control circuit 9 for controlling a voltage of a sustain 
pulse depending on a lighting rate for each sub-field Is 
added. Accordingly, the same portions are assigned the 

50 same reference numerals and hence, only different por- 
tions will be described in detail below. 
[0228] The sub-field processor 3a shown in Fig. 21 
generates a scan driver driving control sigrial CS and a 
sustain driver driving control signal US for inducing the 

55 third discharge subsequently to the first and second dis- 
charges in the sustain time period from image data SP, 
a sub-field lighting rate signal SL, and so forth for each 
sub-field, and respectively outputs the signals to a scan 



21 



41 



EP1 152 387 A1 



42 



driver 5a and a sustain driver 6a in addition to the normal 
operation of the sub-field processor 3' shown in Fig, 11 . 
[0229] The voltage control circuit 9 receives the sub- 
field lighting rate signal SL outputted from a sub-field 
Ughting rate measuiing unit 8. and CHitputs voltage con- 
trol signals VC and VU for controlling the voltage of the 
sustain pulse, respectively* to the scan driver 5a and the 
sustain driver 6a depending on the lighting rate for each 
sub-field. 

[0230] The sustain driver 6a shown in Fig. 21 will be 
now described in detail. Fig. 22 is a circuit diagrann 
showing the configuration of the sustain driver 6a shown 
in Fig, 21 . The scan driver 5a In the present embodiment 
is configured and operated similarly to the sustain driver 
6a, Accordingly, the detailed description of the scan driv- 
er 6a is not repeated and hence, only the sustain driver 
6a will be described in detail below. 
[0231] The sustain driver 6a shown in Fig. 22 Is the 
same as the sustain driver 6 shown in Fig. 3 except that 
transistors Q6 and Q6, a diode D3» a coil L1 , a capacitor 
C2, and a variable voltage source VR are added. Ac- 
cordingly, the same portions are assigned the same ref- 
erence numerals and hence, only different portions will 
be described in detail below. 

[0232] As shown in Fig. 22, the capacitor C2 is con- 
nected between a node N4 and a ground terminal The 
transistor Q5, Uie diode 03, and the coil L1 are connect- 
ed In series between the node N4 and a node N1- The 
transistor Q6 has its one end connected to the node N4 
and has the other end connected to one end of the var- 
iable voltage source VR. The control signal S5 is input- 
ted to the gate of the transistor Q6, and a control signal 
S6 is inputted to the gate of the transistor Q6. The other 
end of the variable voltage source VR is connected to 
the ground tenminai, to diange an output voltage in re- 
sponse to the voltage control signal VU outputted from 
the voltage control circuit 9- 

[0233] The present embodiment is the same as the 
second embodiment except that the scan driver 5a and 
the sustain driver 6a correspond to a driving circuit, first 
to third driving circuits and a final driving circuit, the sub- 
field processor 3a corresponds to a control circuit, the 
capacitor C2 corresponds to a second capacitive ele- 
ment, the variable voltage source VR corresponds to a 
voltage source and a variable voltage source, the volt- 
age control circuit 9 corresponds to a voltage control cir- 
cuit, the capacitor C2, the coil LI , the transistors 05 and 
Q6, the diode D3, and the variable voltage source VR 
correspond to a second driving circuit, and a transistor 
Q1 , a current-limiting element IL and a power supply ter- 
minal VI correspond to a third driving circuit. 
[0234] Rg» 23 Is a timing diart shoving the operation 
in a sustain time period of the sustain driver 6a shown 
in Fig. 22. Fig, 23 Illustrates a voltage at the node N1 
shown in Fig, 22, discharge intensity LR in a PDF 7, and 
control signals SI to S6 inputted to transistors Q1 to Q6. 
Each of the control signals SI to S6 is a signal outputted 
from the sub-field processor 3a as the sustain driver 



driving control signal US, 

10235] First in a time period TA, the control signals 82 
and S6 enter a low level so that the transistors Q2 and 
Q6 are turned olf, and the control signal S3 enters a high 

5 level so that the transistor Q3 is turned on. At this time, 
the control signal SI is at a low lev^ so that the transistor 
Q1 is turned off, the conb*ol signal 84 is at a low level 
so that the transistor Q4 is turned off, and the control 
signal S5 is at a low level so that the transistor Q5 is 

10 turned off. Consequently, a recovery capacitor CI is 
connected to a recovery coil L through the transistor Q3 
and a diode D1, so that the voltage at the node N1 is 
smoothly raised frcHn a ground potential Vg due to LC 
resonance by the recovery coil L and a panel capaci- 

1 5 ta nee Cp, At this time, charges on the recovery capacitor 
C1 are emitted to the panel capacitance Cp through the 
transistor Q3, the diode D1, and the recovery coil L 
[0236] When the voltage at the node Ni is raised, to 
exceed a discharge start voltage in the sustain time pe- 

20 nod, and the first discharge is started In discharge cells 
14, die discharge intensity tR starts to be increased. 
Thereafter, the first discharge Is increased to some ex- 
tent When a required discharge current exceeds the 
current supplying capability of a circuit comprising the 

25 recovery capacitor CI and the recovery coil L, the volt" 
age at the node N1 is lowered from a first maximal value 
Vpg1 to a first minimal value Vpbl , Accordingly, the first 
discharge is weakened or stopped and correspondingly, 
the discharge Intensity LR Is also reduced. 

30 [02371 Then in a time period TB, the control signal S5 
enters a high level so that the transistor Q5 is turned on, 
and the control signal S3 enters a low level so that the 
transistor Q3 Is turned off. Consequently, the capacitor 
C2 is connected to the coil LI through the transistor Q5 

35 and the diode D3, and the voltage at the node Ni is 
smoothly raised again due to LC resonance by the coil 
L1 and the pane! capacitance Cp. At this time, charges 
on the capacitor C2 are emitted to the pan^ capacitance 
Cp through the transistor Q5, the diode D3, and the coil 

[0238] A voltage at the capacitor C2 is charged by the 
variable voltage source VR when the transistor Q6 is 
turned on in a time period TE. as described later, and is 
set to a value higher than an intermediate potential be- 

45 tween the first minimal value Vpbi and a second maxi- 
ma! value Vpu2* Consequently, the vdtage at the node 
N 1 is raised to the second maximal value Vpu2 from the 
first minimal value Vpbl due to LC resonance. 
[0239] When the voltage at the node N1 is raised, to 

50 exceed the discharge start voltage again, and the dis- 
charge cells 14 start the second discharge, the dis- 
charge intensity LR starts to be increased. Thereafter, 
the second discharge is increased to some extent 
When a required discharge current exceeds the current 

55 supplying capability of a circuit comprising the capacitor 
C2, the transistor Q5, the diode D3, and the coil LI , the 
voltage at the node N1 is lowered to a second minimal 
value Vpb2 from the second maximal value Vpu2. Ac- 



22 



43 



EP 1 152 387 A1 



44 



cordingiy, the second discharge Is weakened or stopped 
and correspondingly, the discharge Intensity LR is also 
reduced. 

[0240] Then in a time period TC, the control signal S1 
enters a high level so that the transistor Q1 Is turned on» 
and the control signal S5 enters a low levei so that the 
^ansistcn- Q5 Is turned off. At this lime, a current of the 
control signal S1 is limited by the current-Qmitir^ ele- 
ment JL, and charges for forming the channel of the tran- 
sistor Q1 are gently charged through the gate of the tran* 
sfstorQI . Consequently, the opening speed of the chan- 
nel of the transistor Qi is reduced. Accordingly, the voft- 
age at the node N1 is gently raised to Vsus at a rising 
speed k>wer than rising speeds tn the time periods TA 
and IB, that Is, a rising speed from the ground potential 
Vg to the first maximal value Vpu1 and a rising speed 
from the ffrst minimal value Vpb1 to the second maximal 
value Vpu2. Consequently, an edge portion which is 
sharply changed is not formed in the sustain pulse Psu, 
thereby restraining the radiation of unnecessary elec- 
tromagnetic waves. 

[0241] At this time, when the voltage at the node N1 
is raised from the second minimal value Vpb2, to exceed 
the discharge start voltage again, third discharge is in- 
duced subsequentiy to the second discharge In the dis- 
charge cells 14, and the discharge intensity LR also 
starts to be Increased again. Thereafter, when the volt- 
age at the node N1 is held at Vsus, the third discharge 
Is stopped, as In the conventional example, and corre- 
spondingly, the discharge intensity LR is also reduced. 
[0242] Then in a time period TD. IhB control signal S1 
enters a low level so that the transistor Q1 is turned on, 
and the control signal S4 enters a high level so that the 
transistor Q4 is turned on. Consequently, the recovery 
capacitor C1 is connected to the recovery coil L through 
the diode D2 and the transistor Q4, so that the voltage 
at the node N1 is gently lowered due to LC resonance 
by the recovery coll L and the panel capacitance Cp, At 
this time, charges stored in the panel capacitance Op 
are stored in the recovery capacitor C1 through the re- 
covery coil L, the diode D2 and the transistor Q4, so that 
the charges are recovered. 

[0243] Then in a time period TE, the control stgnals 
S2 and S6 enter a high level so that the transistors Q2 
and Q6 are turned on, and the control signal S4 enters 
a low level so that the transistor Q4 Is turned off. Con- 
sequently, the node N1 is connected to the ground ter- 
minal, so that the voltage at the node N1 is lowered and 
iS fixed to the ground potential Vg. Further, the variable 
voltage source VR Is connected to the capacitor C2 
through the node N4, so that the capacitor C2 is charged 
to a voltage higher than an Intermediate potential be- 
tween the first minimal value Vpbl and the second max- 
imal value Vpu2, 

[0244] By repeatedly perfomnlng the above-men- 
tioned operations In the sustain time period, periodical 
sustain pulses Psu for continuously inducing the first to 
third discharges can be applied to the plurality of sust^'n 



electrodes 13 at the time of the rise from the ground po- 
tential Vg to the voltage Vsus. in the above-mentioned 
manner, sustain pufses which have the same waveform 
as the sustain pulses Psu and are shifted by a phase of 
5 1 80o are also periodically aF^^Hed to scan electrodes 1 2 
by the scan driver 5a. 

[0245] An operation for controlling the waveform of a 
sustain pulse depending on a lighting rate for each sub- 
field will be then described. In the following description^ 
description is made of such an operation that the sustain 
driver 6a is controlled by the sub-field processor 3a. to 
control the waveform of the sustain pulse Psu. The scan 
driver 5a is also controlled by the sub-field processor 3a 
in the same manner as described below. Similarly, the 
waveform of the sustain pulse applied to the scan elec- 
trodes 12 is controlled depending on the lighting rate for 
each sub-field, 

[0246] In the sub-field processor 3a, a discharge is 
Induced only once, as in the conventional example, 
when the lighting rate measured by the sub-field lighting 
rate measuring unit 8 is lower than a fH^edetermlned val- 
ue. That is, ihe voltage of the sustain pulse is raised due 
to resOTiance by the recovery coll L and the panel ca- 
pacitance Cp, so that a discharge for supplying a dis- 
charge current from a power supply for applying the sus- 
tain voltage Vsus is induced once, to Induce first to third 
discharges when the lighting rate is not less than the 
predetermined value. At this time, as the lighting rate Is 
Increased, Ihe timing at which the sustain pulse Psu ris- 
es again In response to the sub-field lighting rate signal 
SL, that is^ the timing at which the control signals S5 and 
SI enter a high level (and the control signals S3 and 85 
enter a low level) Is successively changed such that the 
respective discharges are induced in a more separated 
state, to control the sustain driver 6a. 
[0247] When the lighting rate Is less than the prede- 
termined value in a certain sub-field, the timing at which 
the control signals S5 and S1 enter a high level is ad- 
vanced, or the timing at which the control signal S1 en- 
ters a high level after the control signal S5 is always 
brought Into a bw level, that is, the second driving circuit 
in the present embodiment is brought into a non-oper- 
ated state is advanced. The voltage of the sustain pulse 
is raised due to resonance by the recovery coif L and 
the panel capacitance Cp so that a discharge for sup- 
plying a discharge current from the power supply for 
feeding the sustain voltage Vsus is Induced once, to in* 
duce discharges only once, as In the conventional ex- 
ample. On the other hand, when the lighting rate is in- 
creased, the timing at which the control signals 35 and 
S1 enter a high level is successively delayed. Accord- 
ingly, a second discharge is induced after the first dis- 
charge Is weakened or stopped, and a third discharge 
is induced after the second discharge is weakened or 
stopped. 

[0248] Also in the present embodiment, therefore, 
control is carried out such that as the lighting rate for 
each sub-field is increased, the timing at which the con- 
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troi signals S5 and S1 enter a high level Is successively 
delayed, as in the second embodiment. Luminance is 
successively increased by making a gradual change 
from the discharge Induced once to the first to third dis- 
charges, to give no vtsuaily uncomfortable feeling. It 
goes without saying that the same effect is obtained 
even if used as control for switching from the discharge 
induced once to the first to third discharges is control for 
switching by changing the level of a video signal in signal 
processing to make the difference between the lumi- 
nance obtained in the discharge induced once and the 
luminance obtained in the first to third discharges incon- 
spirajous In addition to the above-menticHied control of 
successively delaying the timing at whid^ the control sig- 
nals S5 and S1 enter a high level. 
[0249} The lighting rate in the sub-field where switch- 
ing from the discharge induced once to the first to third 
discharges occurs is not particularly limited, provided 
that power consumption can be synthetically reduced, 
and there Is no visually uncomfortable feeling, in the 
present embodiment, when the lighting rate is not less 
than 25 %, forexampie» the respective timings at which 
the control signals S6 and S1 enter a high level such 
that a change from the discharge induced once to the 
ftrst to third discharges is made when the lighting rate is 
not less than 25 %, for example. 
[0250] An operation for controlling the voltage of the 
sustain pulse depending on the lighting rate for each 
sub-fleld will be then described. In the following descrip- 
tion, description is made of such an operation that the 
sustain driver 6a is controlled by the voltage control cir- 
cuit 9, to control the voitage of the sustain pulse Psu. 
However, the scan driver 6a Is also controlled by the 
voltage control circuit 9 in the same manner as de- 
scribed beioWf so that the voltage of the sustain pulse 
applied to the scan electrode 12 is similarly controlled 
depending on the lighting rate for each sub-field. 
[0251] When the lighting rate is Increased, the re- 
quired discharge current is increased so that the voltage 
at the node N1 is greatly lowered, so that the first mini- 
mal value Vpb1 is decreased. When the lighting rate is 
reduced, the required discbarge current is decreased so 
that tiie voltage drop at the node N1 is reduced, so that 
the first minimal value Vpbi is increased* On the other 
hand. In order to raise the ventage at the node N1 to the 
second maximal value Vpu2 due to LC resonance by 
the cot! L1 and the panel capacitance Cp, the voltage at 
the node N4 must be made higher than an Intermediate 
potential between the first minimal value Vpbi and the 
second maximal value Vpu2. 

[0252] In order to raise the voltage at the node N1 to 
the original second maximal value VfHj2 such that the 
second discharge can be stably induced, therefore, the 
voltage at the node N4 must be lowered only by AV/2 
when the lighting rate Is increased so that the first min- 
imal value Vpb1 is decreased only by AV, while the volt- 
age at the node N4 must be raised only by AV/2 when 
the lighting rate is reduced so that the first minimal value 



Vpb1 is increased by A V. Therefore, in the present em- 
bodiment, the voltage of the sustain pulse Psu is con- 
trolled depending on the lighting rate, in the following 
manner, in order to stably induce the second discharge. 

5 [0253] The voltage control circuit 9 controls the vari- 
able voltage source VR in the sustain driver 6a in ac- 
cordance with the sub-field lighting rate signal SL such 
that the lighting rate measured by the sub-field fighting 
rate measuring unit 8 reaches not less than a predeter- 

^0 mined value, and the higher the lighting rate is, the lower 
an output voltage of the variable voltage source VR is 
when the first to third discharges are Induced, 
[0254] When In a certain sub-field, the lighting rate Is 
increased so that the first minimal value Vpbi is de- 

^5 creased, the voltage control circuit 9 outputs the voltage 
control signal VU to the variable voltage source VR such 
that the higher the lighting rate is, the lower the output 
voltage of the variable voltage source VR is. At this time, 
th^ variable voltage source VR lowers the output voltage 

20 in response to the voltage control signal VU, to lower 
the voltage at the node N4 , Even if the first minimal value 
Vpbi is decrease t therefore, the voltage at the node 
N1 can be raised to the original second maximal value 
Vpu2, thereby making it possible to continuously stably 

25 induce a second discharge. 

[0255] On the other hand, when the lighting rate is de- 
creased, the voltage control signal VU for raising the 
output voltage at the variable voltage source VR Is out- 
putted depending on the lighting rate, so that the voltage 

30 at the node N4 is raised. Even if the first minimal value 
Vpbi is increased, therefore, the voltage at the node N1 
can be raised to the original second maximal value 
Vpu2, thereby making it possible to continuously stably 
induce the second discharge. 

35 [0256] As described In the foregoing, in the present 
embodiment, the ftrst to third discharges are continu- 
ously Induced when die sustain pulse rises, thereby 
malting it possible to improve luminous efficiency ccHxe- 
spending to applied power to reduce power consump- 

40 tion. Further, the timing at which the sustain pulse rises 
again is controHed depending on the lighting rate for 
each sub-field, thereby making it possible to gradually 
improve luminous effidency to reduce power consump- 
tion in a state where there is no visually uncomfortable 

4s feeling. Further the voltage of the sustain pulse is con- 
trolled depending on the lighting rate for each sub-field, 
thereby making it possible to stabty induce the second 
discharges in a simple circuit configuration. 
[0257] Although description was made of a case 

50 where the first to third discharges are continuously in- 
duced, the number of times of continuous discharges is 
not limited to that in the alxjve-mentioned example. The 
continuous discharges may be induced not less than the 
number of times. In this case, a driving cln^uit comprising 

55 the capacitor C2, the transistors Q6 ad Q6, the diode 
03, the variable voltage source VR, and the coil LI 
shown in Fig. 22 is successively added for the purpose 
of the respective discharges, thereby making it possible 
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to continuousfy induce the discharges in the same man- 
ner as described above. 

[0258] When the discharges are continuously in- 
duced, the waveform of a portion, where the last dis- 
charge is Induced, of the sustain pulse ts constructed as 
fbliows. Fig. 24 is a diagram showing the waveform of 
the sustain pulse Psu in a case where the voKage of the 
sustain pulse is successively raised and is finally raised 
to the voltage Vsus due to a plurality of times of LC res- 
onance. 

[0259] As shown in Fig, 24, the sustain pulse Psu is 
raised by a voltage AV1 during a lime period A t1 and is 
then lowered at the first step, and is raised by a voltage 
AV2 during a lime peiiod At2 at the subsequent step. 
The sustain pulse Psu is thus successively raised due 
to LC resonance, and is finally raised by a voltage Avn 
during a time period Atn. The sustain pulse Psu is raised 
from a ground potential Vg to the voltage Vsus. At this 
time^ the current value of the control signal 81 Inputted 
to the gate of the transistor .Q1 is limited by the current- 
limiting element IL such mat a rising speed AVn/Atn at 
the final step is the lowest of rising speeds A V1/A t1 , A 
V2/A t2» A Vn-1/ A tn-1 of the ^staln pulse Psu In 
each step. 

[D26DJ The rising waveform In each step of the sustain 
pulse Psu is thus composed of a plurality of smooth 
overshoot waveforms due to LC resonance, and can be 
also gently raised when the sustain pulse Psu finally 
reaches the voltage Vsus at the power supply terminal 
V1. Consequently, an edge portion which is sharply 
changed as in the conventional example Is not formed, 
hereby making it possible to restrain the radiation of un- 
necessary electromagnetic waves. 
[0281] Description is now made of a plasma display 
device according to a fourth embodiment of the present 
invention. Fig, 25 is a block diagram showing the con- 
figuration of the plasma display device according to the 
fourth embodiment of the present invention. 
[0262] The plasma display device shown in Fig. 25 is 
the same as the plasma display device shown in Fig. 21 
except that the voltage control circuit 9 is changed into 
a voltage control circuit 9a, and minimal value detectors 
10a and lOb are added. Accordlngfy, the same portions 
are assigned the same reference numerals and hence, 
only different portions wilt be described in detail below, 
[0263] The minima! value detector 1 Da shown in Fig, 
25 detects a minimal value of a sustain pulse in a sustain 
time period of each scan electrode 12, and outputs the 
results of the detection to the voltage control circuit 9a 
as a minima! value signal MC. The minimal value detec- 
tor 10b detects a minimal value of a sustain pulse in a 
sustain time period of a sustain electrode 13, and out- 
puts the results thereof to the voltage control circuit 9a 
as a minimal value signal I^U. 

[0264] The voltage control circuit 9a respecllveiy out- 
puts a voitage control signal VC for controlling an output 
voltage of a variable voltage source in a scan driver 5a 
and a voltage control signal VU for con^olllng an output 



voltage of a variable voltage source VR ir> a sustain driv- 
er 6a to the scan driver 5a and the sustain driver 6a in 
response to the minimal value signals MC and MU, The 
subsequent operations of the scan driver 5a and the 
5 sustain driver 6a and an operation for controMing the 
waveform of the sustain pulse depending on a lighting 
rate fcH- eadi sub-fteld are die same as those In the third 
embodiment and hence, the detailed descriptiOT thereof 
is omitted. 

10 [02651 The present embodiment Is the same as the 
third embodiment except that the voltage control circuit 
9a corresponds to a voltage control circuit, arKi the min- 
imal value detectors 10a and 10b correspond to a po- 
tential detection circuit. 

15 [0266] An operation for controlling a voltage of a sus- 
tain pulse depending on a lighting rate foreacli sub-fteld 
win be described, in the following description, descrip- 
tion is made of such an operation that the sustain driver 
6a is controlled by the voltage control circuit 9a, to con- 

20 trol a voltage of a sustain pulse Psu. However, the scan 
diiver 5a is controlled by the voKage controJ circuit 9a In 
the same manner as described t>ek)w. The voltage of 
the sustain pulse applied to each of the scan electrodes 
1 2 is controlled depending on a first minimal value of the 

26 sustain pulse in the sustain time period of the scan elec- 
trode 1 2 which is detected by the minimal value detector 
10a. 

[0267] The voltage control circuit 9a controls the var- 
iable voltage source VR in the sustain driver 6a depend- 
30 ing on the minimal value signal MU suc^ that the lower 
a first minimal value Vpbl detected by ^e minimal value 
detector 10b is, the lower the output voltage of the var- 
iable voltage source VR is. 

[0268] When the lighting rate Is increased so that the 

35 first minimal value Vpbl is decreased in a certain sub- 
field, for example, the voltage control circuit 9a outputs 
the voltage control signal VU to the variable voltage 
source VR such that the lower the first minimal value 
Vpbl is, the lower the output voltage at the variable vc^t- 

^0 age source VR is and specifically, the output voltage is 
lowered by AV/2 when the first minimal value Vpbl Is low- 
ered by AV, At this time, the variable voltage source VR 
lowers the output voltage in response to the voltage con- 
trol signal VU, to lower a voltage at a node N4. Even if 

^5 the first minimal value Vpb1 is decreased, therefore, a 
voltage at a node N1 can be raised to the original second 
maximal value Vpu2, thereby making It possible to con- 
tinuously stabfy Induce a second discharge, 
10269] On the other hand, when the lighting rate is re- 

50 duced so that the first minimal value Vpbl is increased, 
the voftage control circuit 9a outputs the voltage control 
signal VU to the variable voltage source VR such that 
the higher the first minimal value Vpb1 is, the higher the 
ou^ut voltage of the variable voltage source VR is and 

55 specifically, the output voltage Is raised by AV/2 when 
the first minimal value Vpb1 Is raised by AV. At this time, 
the variable voltage source VR raises the output voltage 
In response to Uie voltage control signal VU, to raise the 
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voltage at the node N4, Even if the first minimal value 
Vpb1 is increased t therefore, the voltage at the node N1 
can be raised to the original second maximal value 
Vpu2, thereby making it possible to continuously stably 
induce the second discharge, 

[0270] Although also in the present embodiment, the 
same effect as that in the third embodiment can be ob- 
tained, and the first minimal vaiue of the sustain pulse 
is directly detected, as described above, the second 
maxima! value can be adjusted with higher precision, 
thereby making it possible to more stably induce the 
second discharge, 

[0271] Description is now made of a plasma display 
device according to a fifth embodiment of the present 

invention. Fig. 26 is a block diagram shovi^ing the con- 
figuration of the plasma dispfay device according to the 
fifth embodiment of the present invention, 
[0272] The plasma display device shown in Fig. 26 Is 
the same as the plasma display device shown in Fig. 11 
except that the sub-field [^-ocessor 3' is changed into a 
sub-field processor 3b for switching the respective tim- 
ings at which sustain pulses outputted from a scan driver 
5 and a sustain driver 6 rise again in response to a sub- 
field lighting rate signal and controHing the scan driver 
5 and the sustain driver 6 so as to change the number 
of sustain pulses such that luminance on a POP 7 is 
equal before and after the switching. Accordingly, the 
same pennons are assigned the same reference numer- 
als and hence, only different portions will be described 
in detail below. 

[0273] The sub-field processor 3b shown In Fig. 26 
generates a scan driver driving control signal CS and a 
sustain driver driving control signal US for increasing 
and decreasing the number of sustain pulses such that 
in a case where the timing at which the sustain pulse is 
increased again is switched, the luminance is equal be- 
fore and after the switching, and respectively outputs the 
signals to the scan driver 6 and the sustain driver 6 in 
addition to the normal operation of the sub-field proces- 
sor 3' shown in Fig, 11 , 

10274] Frg. 27 is a block diagram showing the config- 
uration of the sub-field processor 3b shown in Fig. 26, 
The sub-field ixocessor 3b shown in Fig. 27 is the same 
as the sub-field processor 3' shown in Fig, 12 except 
that a delay time/multiplication factor LUT 36, a multipli- 
cation factor determinator 37, and a number-of-pulses 
calculator 38 are added, and the basic control signal 
generator 33 is changed into a basic control signal gen- 
erator 33a. Accordingly, the same portions are assigned 
the same reference numerals and hence, the detailed 
desCTlption thereof is omitted, 

[0275] The delay time/multlplloatlon factor LUT 36 
shown in Fig. 27 is connected to the multiplication factor 

determinator 37, and stores in a table format the rela- 
tionship between a delay time Td and a multiplication 
factor based on experimental data. For example, one is 
stored as the multipH cation factor with respect to the de- 
lay time Td of 100 ns, and 431/439 is stored as the mul- 



tiplication factor with respect to the delay time Td of 200 
ns. 

[0276] The multiplication factor determinator 37 is 
connected to a delay time determinator 32 and the 

5 number-of-pulses calculator 38, and reads out a con^e- 
sponding multiplication factor from itie delay time/mul" 
tipiicatlon factor LUT 36 depending on the delay time Td 
determined by the delay time determinator 32 and out- 
puts the read multiplication factor to the number-of-puls- 

10 es calculator 38. The determination of the multipNcation 
factor is not particularly limited to the example tn which 
the relationship between a delay time Td and a multipli- 
cation factor based on experimental data is stored in a 
table format, as described above. For example^ the mul- 

15 ti plication factor corresponding to the delay time may be 
found from an approximate expression representing the 
relationship between a delay time Td and a multiplica- 
tion factor. 

[0277] The number-of-pulses calculator 38 Is con- 

20 nected to the basic control signal generator 33a, and 
outputs to the basic control signal generator 33a the 
number of sustain pulses adjusted by multiplying the 
number of sustain pulses to be a reference number by 
the muftiptlcatlon factor determined by the multiplication 

25 factor determinator 37, 

[D278J The basic control signal generator 33a outputs 
control signals S1 to S4 as the sustain driver driving con- 
trol signal US such fliat the sustain driver 6 outputs the 
adjusted number of sustain pulses. 

so 10279] By the above-mentioned configuration, the 
sub-fleld processor 3b changes the delay time Td de- 
pending on a lighting rate measured by a sub-field light- 
ing rate measuring unit 8, and controls the timing at 
which the control signal S1 enters a high level and the 

35 timing at which the control signal S3 enters a low level 
and controls the number of sustain pulses outputted 
from the sustain driver 6. 

[0280] The scan driver 5 is also controlled by the sub- 
fteld processor 3b, as in the foregoing. The waveform 
40 and the number of sustain pulses applied to the scan 
electrodes 12 are similarly controlled depending on the 
lighting rate for each sub-field. 

[0281] The present embodiment is the same as the 
second embodiment except that the sub-field processor 

45 3b corresponds to a control circuit 

[0282] In a case where the PDF having die charac- 
teristics shown in Fig. 17 is used, to set the delay time 
Td to 100 ns when the lighting rate is 25 to 45 % and 
set the delay time Td to 200 ns when it is 45 to 60 %» 

50 for example, the luminance is changed from 431 cd/m^ 
to 43& cd/m^ at the lighting rate of 45 %, that is, the lu- 
minance is changed by S cd/m^, 
[0283] In order to correct such a ciiange in the lumi- 
nance, the sub-'Held processor 3b switches the delay 

55 time and at the same time, corrects the number of sus- 
tain pulses after the switching to 431/439 times the orig- 
inal number. For example, it is changed into 98 100 
X 431/439) pulses wrfien the numb^ of sustain pulses 
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ts 100, while being changed into 147 (=50 x 431/439) 
pulses when the number of sustain pulses is 1 60, 
f0284] By thus correcting the number of pufses, the 
luminance Is equal before and after switching the delay 
time» hereby making it possible to switch the delay time, 
that Is, the timing at which the sustain pulse rises again 
without giving a visually uncomfortable feeling. 
[0285} When the luminance differs before and after 
the switching, as described above^ the delay time may 
be gradually switched without being greatly changed at 
a time and changed such that the luminance is almost 
continued, 

[0286] For example, the delay time Td may be set to 
100 ns in a case where the lightlr^ rate fs 25 to 45 %, 

as described above, and successively Increased by 10 
ns every time the lighting rate is thereafter increased by 
1 % utilizing the continuity of a video signal so that the 
delay time Is 200 ns when the lighting rate is 56 %. In 
this case, the change in the luminance before and after 
switching the delay time is very smalt, for example, 2.4 
(;;={455 - 431/10) cd/m2, thereby making it possible to 
control the delay time, that is, the timing at which the 
sustain pulse rises again depending on the lighting rate 
without giving a visually uncomfortable feeling. 
[0287] Description Is now made of the relationship be- 
tween a complete lighting voltage at which all discharge 
cells on the POP are turned on by first and second dis- 
charges and a lighting rate. Fig. 28 is a diagram showing 
the relationship between a compJete lighting voltage and 
a lighting rate. Fig, 28 Illustrates the relationship be- 
tween a complete lighting voltage (V) and a lighting rate 
<%) In a case where the delay time Td is 350 ns and the 
inductance value of a recovery coil L is 0.36 \is using a 
42-tnch PDP, where a black circle indicates a case 
where the sustain period is 6 ^ s, a black square indi- 
cates a case where the sustain period is 7 ^ s, and a 
black riiombus indicates a case where the sustain peri- 
od is 8 )jt s. 

£0288] As can be seen frtxn Fig. 28, the longer the 
sustain period becomes, the lower the complete lighting 
voltage becomes. Consider a case where the PDP is 
drh^en at a practical voltage, for example, 1 86 V. In this 
case, when the sustain period is 6 fi s, some of the dis- 
charge cells in the PDP are not turned on occur when 
the llghtlrtg rate exceeds 80 %, thereby making it impos- 
sible to induce stable sustain discharges. When the sus- 
tain period is 7 p.s, all the discharge cells can be turned 
on with respect to all lighting rates. If the variation in the 
PDP, for example^ is considered, however, a sufficient 
margin cannot be ensured. 

[0289] On the other hand, when the sustain period is 
8 \L&, ail the discharge cells can be stabty turned on by 
inducing the first and second discharges in all the dis- 
charge cells with respect to all the lighting rates while 
ensuring a sufficient margin. The sustain period Is thus 
changed depending on the lighting rate, thereby making 
it possible to ensure the stability of the sustain discharg- 
es In a case where the first and second discharges are 



induced. The embodiment will be described below. 
[0290] Description is now made of a plasma display 
device according to a sixth embodiment of the present 
invention- Fig. 29 is a blod^ diagram showing the con- 

5 figuration of the plasma display device according to the 
sixth embodiment of the present Invention. 
[0291] The plasma display device shown in Fig. 29 is 
the same as the plasma display device shown in Fig. 11 
except that the sub-field processor 3' is changed into a 

10 sub-field processor 3c. Accordingly, the same portions 
are assigned the same reference numerals and hence, 
only different portions will be described in detail below, 
[02921 "^he sub-field processor 3c shown in Fig, 29 
generates a scan driver drmng control signal CS and a 

15 sustain driver driving control signal US for changing a 
sustain period in response to a sub-field lighting rate sig- 
nal SLoutputtedfrom a sub-field lighting rate measuring 
unit 8, and respectively outputs the signals to a scan 
driver 5 and a sustain driver 6 In addition to the normal 

so operation of the sub-field processor 3* shown in Fig, 11 , 
[0293] Fig. 30 Is a block diagram showing the config- 
uration of the sub-fiekJ processor 3c shown in Fig. 29. 
The sub-field processor 3c shown in Fig. 30 is the same 
as the sub-field processor 3' shown in Fig, 12 except 

25 that a lighting rate/sustain period LUT and a sustain pe- 
riod determinator 40 are added, and the basic control 
signal generator 33 is changed into a basic control sig- 
nal generator 33b. Accordingly* the same portions are 
assigned the same reference numerals and hence, the 

30 detailed description thereof Is omitted. 

[0294] The lighting rate/sustain period LUT 39 shown 
in Fig. 30 is connected to the sustain period detemilna- 
tor 40, and stores in a table format the relationship be- 
tween a lighting rate and a sustain period based on ex- 

35 perimental data. For example, 6 s is stored as the sus- 
tain period with respect to the Sighting rate of less than 
80 %, and 8 |is Is stored as the sustain period with re- 
spect to the lighting rate of not less than 80 %, 
[0295] The sustain period determinator 40 Is connect- 

40 ed to the basic control signal generator 33b, and reads 
out the corresponding sustain period from the lighting 
rate/sustain period LUT 39 in response to the sub-field 
lighting rate signal SL outputted from the sub-field light- 
ing rate measuring unit 8 and outputs the read sustain 

^5 period to the basic control sig nal generator 33b, The de- 
termination of 1t)e sustain period is r>ot particularly linv 
ited to the example in which the relationship between a 
lighting rate and a sustain period based on experimental 
data is stored in a table format, as described above. For 

50 example, the sustain period corresponding to the light- 
ing rate may be found by an approximate expression 
representing the relationship between a lighting rate and 
a sustain period, for example, by fixing a sustain period 
con^espondlng to a lighting rate of not more than 60 % 

5S to 6 ;is, fixing a sustain period corresponding to a light- 
ing rate of 100 % to 8 )is, and approximating a lighting 
rate from 60 % to 100 % using a linear expression. 
[0296] The basic control signal generator 33b outputs 



27 



53 



EP 1 162 387 A1 



54 



control signals S 1 to S4 as the sustain driver driving con- 
trol signal US such that the sustain pulses are outputted 
in the sustain period determined by the sustain period 
determinator 40. 

[0297] By the above-mentioned configuration, the 
sub-field prcK^ssor 3c changes a delay time Td depend- 
ir>g on the Hghting rate measured by the sub-field lighting 
rate measuring unit 8, and controls ti^ timing at which 
the control signal S1 enters a high level and the timing 
at which the controi signal S3 enters a low level and con- 
trols the sustain period of the sustain pulses outputted 
from the sustain driver 6, 

[0298] The scan driver 5 is also controlled by the sub- 
field processor 3c in the same manner as described 
above. Similarly, ^e waveform and the period of the 
sustain pulses applied to the scan electrodes 12 are 
conUolled depending cai the llghUng rate for each sub- 
field. 

[0299] The present embodiment Is the same as the 
second embodiment except that the sub-field processor 
3c corresponds to a control circuit. 
[OSOO] Fig. 31 is a timing chart showing the operation 
in a sustain time period of the sustain driver 6 shown in 
Fig. 29 in a case where the delay time Td is 350 ns and 
the sustain period is 8 ^s. Fig. 31 illustrates a voltage at 
the node N1 shown in Fig. 3, discharge intensity LR in 
a PDF 7, and the control signals S1 to S4 inputted to 
transistors Q1 to Q4, 

[0301] When the delay time Td is 350 ns, and the sus- 
tain period is 8 {is, as shown in Fig. 31 , first and second 
discharges are continuously induced, as in Fig. 16. 
However, the sustain period is long. Accordingly, a wall 
voltage is sufficiently formed by the second discharge, 
thereby making the ftrst discharge and the second dis- 
charge after a haif period more reliable. As a result, the 
second discharge can sufficiently have a priming effect 
produced by the first discharge, and the second dis- 
charge has a sufficient intensity, that is, a peak value 
larger than the pealt value of the first discharge. Accord- 
ingly, sustain discharges can be stably repeated. 
[0302] Fig. 32 Is a diagram showing the relationship 
between an efficiency evaluation value and a lighting 
rate in cases where the sustain period is 6 jxs and 8 
in the plasma display device shown in Fig, 29, In Fig. 
32, a white triangle indicates a case where the sustain 
period Is 6 |Jts. a black triangle indicates a case where 
the sustain period is 8 m- s, and both the delay times are 
360 ns. 

[0303] As shown In Fig, 32, the efficiency evaluation 
value in a case where the sustain period is 8 jxs when 
the lighting rate is in the range of 80 to 100 % is higher 
than that tn a case where the sustain period is 6 iis. 
When the lighting rate thus reaches not less than a pre- 
determined value, it is found that power consumption in 
a case where the same luminance is displayed can be 
reduced by lengthening the sustain period. 
[0304] Fig. 33 is a diagram showing the relationship 
between an efficiency evaluation value and a lighting 



rate in a case where the sustain period is switched from 
6 M-S to 8 \x.s when the lighting rate reaches not less than 
80 % by the sub-field processor 3c on the basis of the 
relationship between an eJ^ciency evaluation value and 

5 a lighting rate shown in Fig. 32. 

[0305] A solid line shown in Fig. 33 indicates the re- 
ladonship between an efficiency evaluation value and a 
lighting rate in a case where power consumption is re- 
duced to Its minimum in control of the delay time corre- 

10 sponding to the lighting rate described using Fig. 18, that 
is, the relationship between an efficiency evaluation val- 
ue and a lighting rate in cases where the delay time Td 
Is set to 0 ns when the lighting rate is 0 to 25 is set 
to 100 ns when the lighting rate Is 25 to 46 %, Is set to 

15 200 ns when the lighting rate Is 45 to 60 %, is set to 350 
ns when the lighting rate is 60 to 86 %, and is set to 200 
ns when the lighting rate is 85 to 100 % , and the sustain 
period is set to 6 \is with respect to all the lighting rates. 
[0306] Then, a portion indicated by a one-dot and 

20 dash line shown in Fig, 33 indicates the relationship be- 
tween an efficiency evaluation value and a lighting rate 
In a case where the delay time Td is changed into 350 
ns \ft4ien the lighting rate is 80 to 100 %, and the sustain 
period is changed Into 8 ^ s. That Is, Fig. 33 shows a 

25 case where the sustain period is lengthened when the 
lighting rate is not less than a predetermined value, for 
example, 80 %. In this case, the efficiency evaluation 
value is further Increased when the lighting rate is in the 
range of 80 to 100 %, and power consumption can be 

30 further reduced. 

[0307] Description is now made of a plasma display 
device according to a seventh embodiment of the 
present invention. Fig. 34 is a block diagram showing 
the configuration of the plasma display device according 

35 to the seventh embodiment of the present invention. 
[0308] The plasma display device shown in Fig. 34 is 
Sie same as the plasma display device shown in Fig. 29 
except that the sub-field processes 3C Is changed into 
a sub-field processes 3d. Accordingly, the same portions 

^0 are assigned the same refer^ce numerals and hence, 
only different portions will be described In detail below. 
[0309] The sub-field processor 3d shown In Ffg, 34 
generates a scan driver driving control signal CS and a 
sustain driver driving control signal US for Increasing or 

46 decreasing the number of sustain pulses such that in a 
case where a sustain period Is switched, luminance is 
equal before and after the switching, and respectively 
ou^uts the signals to a scan driver 6 and a sustain driver 
6 In addition to the normal operation of the sub-field 

50 processor 3c shown in Fig. 29. 

[031 0] Fig. 35 is a block diagram showing the config- 
uration of the sub-Held processor 3d shown in Fig. 34. 
The sub-field processor 3d shown in Fig. 35 is the same 
as the sub-fietd processor 3c shown In Fig. 30 except 

55 that a sustain period/multiplication factor LUT 41 , a mul- 
tiplication factcH- determinator 42, and a number-of-puls- 
es calculator 43 are added, and the basic control signal 
generator 33b is changed into a basic control signal gen- 
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erator 33c. Accordingly, the same portions are assigned 
the same reference numerals and hence, the detailed 
description thereof is omitted. 

[031 1] The sustain period/mutttprication factor LUT 41 
shown \n Fig. 35 is connected to the multiplication factor 
determinator 42, and stores in a tat>le format the rela- 
tionship between a sustain period and a multiplication 

factor based on experimental data. For example, one Is 
stored as the mutfci plication factor with respect to the 
sustalf^ period of 6 p. 1/1 .006 is stored as the multipli- 
cation factor with respect to the sustain period of 7 |is, 
1/1,012 is stored as the multiplication factor with respect 
to the sustain period of 8 ^.s 

[0312] The multiplication factor determinator 42 is 

connected to a sustain period determinatcw 40 and the 
number-of-pulses calculator 43, and reads out the cor- 
responding multiplication factor from the sustain period/ 
multipljcation factor LUT 41 depending on the sustain 
period determined by the sustain period determinator 40 
and outputs the read multtplication factor to the number- 
of-puises caJcuIator 43. The determination of the multi- 
plication factor is not part iculariy limited to the example 
in which the relationship between a sustain period and 
a multiplication factor based on experimental data is 
stored in a table format^ as described above. The mul- 
tiplication factor corresponding to the sustain period 
may be found from an approximate expression repre- 
senting the relationship between a sustain period and a 
multiplicaUon factor 

[0313] The number-of-putses calculator 43 is con- 
nected to the basic control signal generator 33c, and 
outputs to the basic control signal generator 33c the 
number of sustain pulses adjusted by muftiptying the 
number of sustain pulses to be a reference number by 
the multiplication factor determined by the multiplicadort 
factor determinator 42, 

[0314] The basic control signal generator 33c outputs 
control signals S1 to S4 as the sustain driver driving con- 
trol signal US such that the sustain driver 6 outputs the 
sustain pulses in the adjusted number. 
[0315] By the above-mentioned conJlgu ration, the 
sub-field processor 3d controls a delay time Td and a 
sustain period depending on a lighting rate measured 
by a sub-field lighting rate measuring units, and controls 
the number of sustain pulses outputted from the sustain 
diiver 6. 

[031 6] The scan driver 5 is also controlled by the sub- 
fleJd processor 3d In the same manner as described 
above, so that the waveform, the period, and the number 
of sustain pulses applied to scan electrodes 1 2 are sim- 
ilarly controlled depending on the lighting rate for each 
sub-field. 

[0317] The present embodiment is the same as U^e 
second emlKJdiment except that the sub-Heid processor 
3d corresponds to a control circuit. 
[0318] In a case where the PDF having the charac- 
teristics shown in Fig. 17 is used, the luminance is in- 
creased by 0.6 % v^en sustain period is lengthened 



by 1 ^s, for example, in order to correct such a change 
In the luminance, the sub-field processor 3d switches 
the sustain period and at the same time, corrects the 
number of sustain pulses after the switching. For exam- 

5 pie, when the sustain period is switched from 6 p.s to 8 
)is, the number of sustain pulses after the sv\^tching is 
changed into 99 1 00 - 1 00 x 0,01 2) when the number 
of sustain pulses is 100, while being changed Into 148 
1 50 - 150 X 0.01 2) when the number of sustain puls- 

10 esls150. 

[0319] By thus correcting the number of pulses, the 
luminance Is equal before and after switching the sus- 
tain period, thereby ma)<ing it possit>le to switch the de- 
lay time Td and die sustain period without giving a vis- 

is uatiy uncomfortable feeling. Although description was 
made of a case where the sustain period is switched 
once, the same effect can be obtained, when the sustain 
period is switched a plurality of number of times, by car- 
rying out the same control as described above at the 

20 time of each switching, 

[0320] When the luminance differs befc^^e and after 
the sv\ntching, as described above, the period may be 
gradually switched without being greatly changed at a 
time and changed such that the luminance is almost 

26 continued. 

[0321] For example, such control that the sustain pe- 
riod is extended only by 0,1 \is every time the lighting 
rate is increased by 1 % utilizing the continuity of a video 
signal instead of switching the sustain period from 6 p.s 
to 8 ^ s at a lighting rate of 80 % may be carried out. In 
this case, the change in the luminance before and after 
switching the period is very small, for example, 0.06 (= 
1 .2/20) thereby making it possible to switch the delay 
time Td and the sustain period depending on the lighting 

35 rate without giving a visually uncomfortable feeling. 
[0322] Description is now made of a plasma display 
device accordkig to an eighth embodiment of the 
present Invention. Fig. 36 is a bloc!« diagram showing 
the configuration of the piasma display device according 

^0 to the eighth embodiment of the present invention. 
[0323] The plasms display device shown in Fig. 36 is 
the same as the plasma display device shown in Fig. 29 
except that the sub-field processor 3c is changed into a 
sub-field processor 3e. Accordingly, the same portions 
are assigned the same reference numerals and hence, 
only different portions will be described in detaii below. 
[0324] The sul>field processor 3e shown in Fig. 36 
generates a scan driver driving control signal CS and a 
sustain driver driving control signal US for changing the 

50 ratio of two types of sustain pulses which differ In a delay 
time Td and a sustain period In the same sub-fiefd de- 
pending on a lighting rats for each sub-fieid such that 
luminance is equal, when the d^ay time Td and the sus- 
tain period are switch ed^ before and after the switching, 

55 and respectively outputs the signals to a scan driver 6 
and a sustain driver 6 in addition to the norma! operation 
of the sub-fjeid processor 3c shown in Fig. 29. 
[0325] Fig. 37 Is a block diagram showing the conflg- 
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uration of the sub-fteld processor 3e shown in Fig. 36. 
The sub-field processor 3c shown in Fig. 37 is the same 
as the sub-field processor 3c shown in Fig. 30 except 
that a iigh^ng rate/number-of-changed pulses LUT 44 
and a number-of-changed pulses determinator 45 are 
added, and the delay time determinator 32, the sustain 
period determinator 40, and the basic control signal gen- 
erator 33b are respectively changed Into a delay time 
determinator 32a. a sustain period determinator 40a, 
and a basic control signal generator 33d, Accordingly, 
the same portions are assigned the same reference nu* 
merals and hence, the detailed description thereof is 
omitted, 

[0326] The lighting rate/number-of-changed pulses 
LUT 44 shown in Fig. 37 is connected to the number-of- 
changed pulses determinator 45, and stores in a table 
format the relationship between a lighting rate and the 
number of changed pulses based on experimental data. 
For example, a value which is 0 when the lighting rate 
is 35 %, is 1 when the lighting rate is45 %, and increases 
in proportion to the increase In the lighting rate, i.e., 0 
to 1 Is stored as the number of changed pulses with re- 
spect to the lighting rate of 35 to 45 %, Similarly, 0 to 1 
is stored as the number of changed pulses with respect 
to the lighting rate of 55 to 65 %, 0 to 1 is stored as the 
number of changed pulses with respect to the lighting 
rate of 80 to 90 %» and 0 is stored as the number of 
changed pulses with respect to the other iighting rates. 
[0327] In a case where in the same sub-field, dis- 
charge cells are first discharged in a first discharged 
state by applying first sustain pulses, and are then dis- 
charged in a second discharged state different from the 
first discharged state by applying second sustain pulses 
different from the first sustain pulses^ the number of 
changed pulses is the ratio of the number of times of 
application of the second sustain pulses to the number 
of times of application of alt the sustain pulses in the 
same sub-field. When the number of changed pulses is 
zero, therefore, only the first sustain pulses are applied 
in the same sub-field. The number of application of the 
second sustain pulses increases as the number of 
changed pulses increase. When the number of changed 
pulses is one, only the second sustain pulses are ap- 
ic^led In the same sub-field. 

[0328] The number-of-changed pulses determinator 
45 is connected to the delay time determinator 32a and 
the sustain period determinator 40a, and reads out the 
corresponding number of changed pulses from the light- 
ing rate/number-of-changed pulses LUT 44 in response 
to a sub-field lighting rate signal SL outputted from a 
sub-field iighting rate measuring unit 8 and outputs the 
read number of changed pulses to the delay time deter- 
minator 32a and the sustain period determinator 40a. 
The determination of the number of changed pulses is 
not particularly limited to the example in which the rela- 
tionship between a lighting rate and the number of 
changed pulses based on experimental data is stored 
in a table fcwmat, as described above. For example, the 



number of changed pulses corresponding to the iighting 
rate may be found from an approximate expression rep- 
resenting the relationship between a lighting rate and 
the number of changed pulses. 

5 |0329] In me present embodiment, a iighting rate/de- 
lay time LUT 31 stores values, for example, 0 ns as a 
first delay time Td1 with respect to the lighting rate of 0 
to 35 %^ 0 ns as a first delay time Td1 and 200 ns as a 
second delay time Td2 with respect to the lighting rate 

10 of 35 to 45 %, 200 ns as a first delay time Tdl with respect 
to the lighting rate of 45 to 56 %, 200 ns as a first delay 
time Td1 and 350 ns as a second delay time Td2 wim 
respect to the lighting rate of 65 to 65 %, 350 ns as a 
first delay time Td with respect to the lighting rate of 65 

15 to 80 %. 350 ns as a first delay time Td1 and 200 ns as 
a second delay time Td2 with respect to the lighting rate 
of SO to 90 %, and 200 ns as a first delay time Td1 with 
respect to the lighting rate of 90 to 100 %, 
[0330] The first delay time Td1 is a delay time Td of 
the first sustain pulses in a case where in the same sub- 
field, discharge cells are first discharged In a first dis- 
charged state by applying the first sustain pulses, and 
are then discharged in a second discharged state differ- 
ent from the first discharged state by applying second 

25 sustain pulses different from the first sustain pulses. The 
second delay time Td2 is a deiay time Td of the second 
sustain pulses in this case, 

[0331] The reason why the second delay time Td2 is 
not stored with reject to the lighting rates of 0 to 35 %, 

30 45 to 55 %, 65 to 80 %, and 90 to 1 00 % is that at the 
lighting rates, only the first sustain pulses are applied, 
and the second sustain pulses are not applied in the 
same sub-field, so that the second delay time Td2 is not 
required in the present embodiment 

35 [0332] The delay time determinator 32a is connected 
to delay units 34 and 35, and reads out the correspond- 
ing first and second delay times Td1 and Td2 from the 
lighting rate/delay time LUT 31 in response to the sub- 
field lighting rate signal SL outputted from the sub-field 

40 I ighting rate measuring u nit 8 and outputs one of the first 
and second delay times Td1 and Td2 as a delay time 
Td to the delay units 34 and 35 such that the first and 
second sustain pulses are applied in the same sub-field 
depending on the number of changed pulses outputted 

45 from the number-of-changed pulses determinator 45, 
and controls the delay units 34 and 35 so as to perform 
a delay operation only for the delay time Td. 
[0333] Specifically, the delay time determinator 32a 
outputs the first delay time Td1 such that at! the sustain 

50 pulses in the sustain time period become the first sustain 
pulses and outputs the second delay time Td2 such that 
the number of Umes of application of the second sustain 
pulses increases as the number of changed pulses in- 
creases when the number of changed pulses is zero in 

55 the sustain time period in the same sub-field, for exam- 
ple, outputs the first delay time Tdl such that first 80 % 
of the sustain pulses in the sustain time period are the 
first sustain pulses and then outputs the second delay 
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time Td2 such that the remaining 20 % of the sustain 
pulses are the second sustain pulses when the number 
of changed pulses is 0.2. and finally outputs the second 
delay time Td2 such that all the sustain pulses in the 
sustain time period become the second sustain pulses 
wh^n the number of changed pulses is one. Conse- 
quently, in the sustain time period in the same sub-field, 
two types of ftrst and second sustain pulses which differ 
in the delay time can be applied at a ratio corresponding 
to the number of changed pulses. 
[D334] In the present embodiment, a lighting rate/sus- 
tain period LUT 39 stores values, for example, 6 s as 
8 first sustain period with respect to the lighting rate of 
0 to 35 %, 6 as a first sustain period and 7 ^s as a 
sustain period with respect to the lighting rate of 35 to 
45 %, 7 lis as a first sustain period with respect to the 
lighting rate of 45 to 55 %, 7 \ib as a first sustain period 
and 8 as a second sustain period with respect to the 
lighting rate of 55 to 65 %, 8 j^s as a first sustain period 
with respect to the lighting rate of 65 to 80 %, 8 jis as a 
first sustain period and 7 |i s as a second sustain period 
with respect to ^e lighting rate of 80 to 90 %, and 7 \is 
as a first sustain period with respect to the lighting rata 
of 90 to 100 %. 

10335] The first sustain period is the sustain period of 
the first sustain pulses In a case where in the same sub- 
field, the discharge cells are first discharged in a first 
discharged state by applying the first sustain pulses, 
and are then discharged In a second discharged state 
different from the first discharged state by appiying the 
second sustain pulses different from the first sustain 
pulses. The second sustain period Is the sustain period 
of the second sustain pulses in this case. 
[0336] The reason why the second sustain period is 
not stored with respect to the lighting rates of 0 to 35 %, 
45 to 55 %, 65 to 80 %, and 90 to 1 00 % is that in the 
cases of the lighting rates, only the first sustain puises 
are applied and the second sustain pKjIses are not ap- 
plied in the same sub-field, so that the second sustain 
periods are not required in the present embodiment, 
[0337] The sustain period determinator 40a is con- 
nected to the basic control signal generator 33d, and 
reads out the corresponding first and second sustain pe- 
riods from the lighting rate/sustain period LUT 39 in re- 
sponse to the sub-field lighting rate signal SL outputted 
from the sub-field lighting rate measuring unit 8 and out- 
puts OTie of the first and second sustain periods to the 
basic control signal generator 33d such that the ftrst and 
second sustain pulses are applied m the same sub-fief d 
depending on the number of changed pulses outputted 
from the number-of-changed pulses determinator 45. 
[0338] Specifically, the sustain period determinator 
40a outputs the first sustain period such that all the sus- 
tain puises in the sustain time period fc>ecome the first 
sustain pulses and outputs the second sustain period 
such that the number of times of application of the sec- 
ond sustain pulses increases as the number of changed 
pulses increases when the number of changed puises 



is zero in the sustain time period in the same sub-field, 
for example, outputs the first sustain period such that 
first 80 % of the sustain pulses in the sustain time period 
are the first sustain pulses and then outputs the second 

5 sustain period such that the remaining 20 % of the sus- 
tain pulses are the second sustain pulses when the 
number of {Ranged pulses Is 0.2, and fInaUy ou^uls the 
second sustain period such that all the sustain pulses 
In the sustain time period become the second sustain 

10 pulseswhen the number of changed pulses is one. Con- 
sequently, in the sustain time period in the same sub- 
field, two types of ftrst and second sustain pulses which 
difier In the sustain period can be applied at a ratio cor- 
responding to the number of dianged pulses, 

IS [0339] The basic control signal generates 33d outputs 
control signals SI to S4 as the sustain driver driving con- 
trol slgna! US such that the sustain driver 6 outputs the 
sustain pulses in the sustain period determined by the 
sustain period determinator 40a. 

20 [0340] By the above-mentioned configuration, the 
sub^fieid processor 3e controls the delay time and the 
sustain period of the sustain puises depending on the 
lighting rate measured by the sub-field lighting rate 
measuring unit 8, and controls the ratio of the number 

25 of times of application of the second sustain puises to 
the number of times of application of the first sustain 
pulses in the same sub-field depending on the number 
of changed pulses. Since the number of sustain pulses 
In the sustain time period in each sub-field is determined 

30 to be a predetermined number^ the numbers of times of 
application of the first and second sust^n pulses can- 
not, in some cases, be necessarily set at a ratio corre- 
sponding to the number of changed pulses, tnthis case, 
however, the settable number of times of application 

35 closest to the ratio corresponding to the number of 
changed pulses is set 

[0341] The scan driver 5 is also controlied by the sub- 
field processor 3e in Hie same manner as descril>ed 
above, Simiiariy, the delay time and the sustain period 

40 of Uie sustain pulses applied to the scan electrode 1 2 
are controlled depending on the lighting rate for each 
sub-field, and ratio of the number of times of application 
of the second sustain pulses to the number of times of 
application of the first sustain pulses in the same sub- 

45 field is controlled depending on the number of changed 
pulses. 

[0342] The present embodiment is the same as the 
second embodiment except that the sub-field processor 

3e corresponds to a control circuit. 

so [0343] In a case where the PDF having the charac- 
teristics shown in Fig. 17 is used, the luminance be- 
comes discontinuous by switching the delay time and 
the sustain period, as described in the fourth and sixth 
embodiments. Accordingly, a viewer may, in some cas- 

55 es, feef the change in the luminance as a fild<er. The 
reason for this is that the delay time and the sustain pe- 
riod of all the sustain pulses in the sub-field are simul- 
taneously changed. 



31 



61 



EP1 152 387 A1 



62 



[0344| In the present embodiment, two types of ftrst 
and second sustain pulses which differ in tt^e delay time 
and the sustain period are changed in the same sub- 
field depending on the lighting rate for eacli sub-field in 
the following nnanner by the above-mentioned configu- 
ration, thereby restraining a large change in the lumi- 
nance so that the v^ewer does not feel the flicker 
[0345] First, when the lighting rate is 0 to 35 %, first 
sustain pulses having a delay lime of 0 ns and having a 
sustain period of 6 are applied in each sub-ffeid. That 
is, only one type of sustain pulses for inducing discharg- 
es once are applied In the sustain time penod in tiie 
same sub-field. 

[0346] On the other hand, when the lighting rate is 45 
to 55 %, fh-st sustain pulses having a delay time of 200 
ns and having a sustain period of 7 fis are applied in 

each sub-fieSd. That is, only one type of sustain pulses 
for inducing first and second discharges are applied in 
the sustain time period in the same sub4ield. 
[0347] When the lighting rate is 35 to 45 %, first sus- 
tain pulses having a delay time of 0 ns and having a 
sustain period of 6 |is (sustain pulses in a case where 
the lighting rate is 0 to 35 %) and second sustain pulses 
having a deiay time of 200 ns and having a sustain pe- 
riod of 7 fis (sustain puises in a case where the lighting 
rate is 45 to 55 %) are applied at a ratio corresponding 
to the lighting rates in each sub-field. That is, the first 
sustain pulses for inducing discharges induced once 
and the second sustain pulses for Inducing the first and 
second discharges in the sustain time period In the 
same sub-field are applied at a ratio con'esponding to 
the lighting rates. 

[0348] Specificatfy, when the lighting rate Is 35 %, the 
sustain pulses are applied such that the ratio of the first 
sustain pulses to the second sustain pulses is 100 : 0. 
When the lighting rate ts increased, the number of times 
of application of the first sustain pulses is decreased and 
the numb^ of times of application of the second sustain 
pulses is Increased in the sustain time period In the 
same sub-field with the increase in the lighting rate. 
When the lighting rate is 37 %, for example, the respec- 
tive numbers of times of application of the first and sec- 
ond sustain pulses are controlled such that first 80 % of 
the sustain time period are the first sustain pulses and 
the remaining 20 % thereof are the second sustain puls- 
es. FlnaiVt vvhen the lighting rate is 46 %, the sustain 
pulses are applied such that the ratio of the ^rst mistam 
pulses to the second sustain pulses Is 0 : 1 00. 
[0349] In switching the delay time and the sustain pe- 
riod, the ratio of the sustain pulses before the switching 
to the sustain pulses after the switching is thus gradually 
changed depending on the lighting rate. Accordingly, all 
the sustain pulses in the same sub-field are not simul- 
taneously switched, in switching from the discharge in- 
duced once to the first and second discharges^ the lu- 
minance is continuously changed, thereby making It 
possible to prevent a flicker from being produced. 
[0350] Then, when the lighting rate is 65 to 80 %, first 



sustain pulses having a delay time of 350 ns and having 
a sustain period of 8 \is are applied in each sub-field. 
That Is, only one type of sustain pulses for inducing first 
and second discharges are applied in the sustain time 

5 period in the same sub-field. 

[0361] When the lighting rate is 55 to 66 %, first sus- 
tain pulses having a delay ^me of 200 ns and having a 
sustain period of 7 (sustain pulses in a case where 
the lighting rate is 45 to 55 %) and second sustain pulses 
having a delay time of 350 ns and having a sustain pe- 
riod of 8 jis (sustain pulses in a case where the lighting 
rate is 65 to 80 %) are applied at a ratio corresponding 
to the lighting rates. That is, the first sustain pulses for 
Inducing the first and second discharges and the second 

15 sustain pulses, having a Iwiger delay time and a longer 
sustain period, for inducing the first and second dis- 
charges In the sustain time period in the same sub-f^eld 
are applied at a ratio corresponding to the fighting rates, 
[0352] Specificaiiy, when the lighting rate Is 55 %. the 

20 sustain pulses are applied such that the ratio of the first 
sustain pulses to the second sustain pulses Is 100 : 0- 
When the lighting rate is increased » the number of times 
of application of the first sustain pulses Is decreased and 
the number of times of apf^ication of the second sustain 

26 pulses is increased in the sustain time period in the 
same sub-field with the Increase in the lighting rate. 
When the lighting rate is 57 %, for example, the respec^ 
five numbers of times of application of the first and sec- 
ond sustain pulses are controlied such that first 80 % of 

30 the sustain time period are the first sustain pulses and 
the remaining 20 % thereof are the second sustain puls- 
es. Finally, when the lighting rate is 65 %, the sustain 
pulses are applied such that the ratio of the first sustain 
pulses to the second sustain pulses is 0 : 1 00. 

36 [0353] In switching the delay time and the sustain pe- 
riod, the ratio of the sustain pulses before the switching 
to the sustain pulses after the switching is thus gradually 
changed depending on the lighting rate in the same sub- 
field. Accordingly, all the sustain pulses in the sarrte sub- 

40 field are not simultaneously switched. In switching from 
the first and second discharges at a short time interval 
to the first and second discharges at a long time interval , 
the luminance is continuously changed, thereby making 
It possible to prevent a f]icl<er from being produced. 

45 [0354] Finally, when the lighting rate is 90 to 100 %, 
lirst sustain pulses having a delay time of 200 ns and 
having a sustain period of 7 ^s are applied in eadi sub- 
field. That is. only one type of sustain pulses for Inducing 
the first and second discharges are applied In the sus- 

50 tain time period In the same sub-field. 

[0355] When the lighting rate Is 80 to 90 %, first sus- 
tain pulses having a delay time of 350 ns and having a 
sustain period of 8 j^s (sustain pulses In a case where 
the lighting rate Is 65 to 80 %) and second sustain puises 

5e having a delay time of 200 ns and having a sustain pe- 
riod o17\is (sustain pulses in a case where the lighting 
rate Is 90 to 1 00 %} are applied at a ratio corresponding 
to the lighting rates in eac^ sub-fieki. That is, the first 
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sustain pulses for Inducing first and second discharges 
and the second sustain pulses, having a shorter delay 
time and a shorter sustain period than the first sustain 
pulses* for inducing first and second discharges are ap- 
plied at a ratio corresponding to the lighting rates in the 
sustain time period In the same sub-field, 
[0356] Speci^cally, when the lighting rate Is 80 %, the 
sustain pulses are applied such that the ratio of the first 
sustain pulses to the second sustain pulses is 100 : 0. 
When the lighting rate is Increased, the number of times 
of application of th e first sustain pu Ises is decreased and 
the number of times of application of the second sustain 
pulses Is increased in the sustain Sme period In the 
same sub-field with the increase in the lighting rate. 
When the lighting rate Is 82 %, for example, the respec- 
tive numbers of times of application of the first and sec- 
ond sustain pulses are controlled such that first 80 % of 
the sustain time period are the first sustain pulses and 
the remaining 20 % thereof are the second sustain puls- 
es- Finally, when the lighting rate is 90 %, the sustain 
pulses are applied such that the ratio of the first sustain 
pulses to the second sustain pulses is 0 : 100. 
[0367] In switching the delay time and the sustain pe- 
riod, the ratio of the sustain pulses before the switching 
to the sustain pulses after the switching is thus gradually 
changed depending on the lighting rate in the same sub- 
field. Accordingly* all the sustain pulses in the same sub- 
field are not simultaneously switched. In switching from 
the first and second discharges at a long time interval 
to the first and second discharges at a short time inter- 
val, the luminance is continuously changed, thereby 
making it possible to prevent a flicker from being pro- 
duced, 

[0358] Fig. 38 is a diagram showing the relationship 
between an efficiency evaiuation value and a lighting 
rate In the plasma display device shown in Fig, 36, In 
the present embodiment, the delay time and the sustain 

period are switched depending on the lighting rate for 
each sub-field in the above-mentioned manner, as 
shown in Fig. 38, thereby making it possible to improve 
luminous efficiency corresponding to applied power and 
to reduce power consumption, 

10359] Furth^more, In the present embodiment* be- 
fore and after switching the delay time and the sustain 
period, tine ratio of the sustain pulses before the switch- 
ing to the sustain pulses after the switching is changed 

depending on the lighting rate in the same sub-field, 
thereby making it possible to gradually change the ratio 
of the different two types of sustain pulses to continu- 
ousiy change the luminance and to switch the delay time 
and the sustain period without giving a \flsually uncom- 
fortable feeling. 

[0360] Although description was made of a case 
where the switching of the delay time and the sustain 
period is performed three times, the same effect can be 
obtained, even when the delay time and the sustain pe- 
riod are switched the other number of times, by carrying 
out the same control as described above at the time of 



each switching. 

[0361] The control of the number of times of applica- 
tion of the first and second sustain pulses may be carried 
out in not all sub-fields but the sub-field greatly weighted 

6 wrtiich greatly visually affects the viewer. 

[0362] Although in the present embodiment, both the 
delay time and the sustah> period are switched, the num- 
bers of times of application of the first and second sus- 
tain pulses may be controlled when one of the delay time 

10 and the sustain period is switched, 

[0363] Description is now made of a plasma display 
device according to a ninth embodiment of the present 
invention. Fig. 39 Is a block diagram showing the con- 
figuration of the plasma display device according to the 

15 ninth embodiment of the present invention, 

[0364] The plasma display device shown in Fig, 39 is 
the same as the plasma display device shown in Fig. 11 
except that an inductance control circuit 1 5 for changing 
the inductance values of a scan driver 5b and a sustain 

20 driver 6b depending on a lighting rate, for each su b-fi eld 
is added. Accordingly, the same portions are assigned 
the same reference numerals and hence, only different 
portions will be described in detail below. 
[0365] The inductance control circuit 1 5 shown In Fig. 

25 39 receives a sub-field lighting rate signal SL outputted 
from a sub-fteld fighting rate measuring unit 8 and re- 
spectively outputs inductance control signals LC and LU 
for controlling inductance values which contribute to LC 
resonance depending on the lighting rate for each sub- 

30 field to the scan driver 5b and the sustain driver 6b. 
[0366] Fig. 40 Is a block diagram showing the config- 
uration of the inductance control circuit 1 5 shown in Fig. 
39. The inductance control circuit 15 shown in Fig. 40 
comprises a lighting rate/Inductance LUT 151 and an 

35 inductance determinator 152. 

[0367] The lighting rate/inductance LUT 151 Is con- 
nected to the inductance determinator 152, and stents 
in a table format the relationship between a lighting rate 
and an inductance value contributing to LC resonance 

^0 based on experimental data. For example, 0, 36 jxH is 
stored as an inductance value with respect to the fighting 
rate of 65 to 100 %, and 0.6 |x H is stored as an induct- 
ance value with respect to the lighting rate of 0 to 65 
[0368] The Inc^uctance determinator 1 52 reads out the 

45 corresponding inductance values from the lighting rate/ 
Inductance LUT 151 in response to the sub-field lighting 
rate signal SL outputted from the sub-field lighting rate 
measuring unit 8 and respectively outputs the read in- 
ductance values to the scan driver 5b and the sustain 

50 driver 6b as the inductance control signals LC and LU. 
The determination of the inductance values is not par- 
ticularly limited to the example in which the relationship 
between a lighting rate and an inductance value based 
on experimental data is stored In a table format, as do- 
ss scribed above. For example, the Inductance value cor- 
responding to the lighting rate may be found from an 
approximate expression representing the relationship 
between a lighting rate and an inductance value. 
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[0369] Sy the above-menODned configuration, the in- 
ductance controi circuit 15 controls the inductance val- 
ues, contributing to LC resonance, of the scan driver 5b 
and the sustain driver 6b depending on the lighting rate 
measured by the sub-field lighting rate measunng unit 8. 
[0370] The sustain driver 6b shown in Rg, 39 will be 
described in detail Rg. 41 Is a circuit diagram showing 
the configuration of the sustain driver 6 shown in Fig, 
39. The scan driver 6b in the present embodiment is 
configured and operated simtlarty to the sustain driver 
6b. Accordingly, the detailed description of the scan driv- 
er 5b is omitted, and only the sustain driver 6b yNiW be 
described In detail below, 

[0371] The sustain driver 6b shown in Fig. 41 is the 
same as the sustain driver 6 shown in Fig. 3 except that 
the recovery coll L is changed into a variable inductance 
VL for changing an inductance value depending on the 
inductance control signal LU, The same portions are as- 
signed the same reference numerals and hence, only 
different points will be described in detail below. 
[0372] The variable Inductance VL shown in Fig. 41 
is connected between a node N2 and a node N1, and 
changes an Inductance value depending on the induct- 
ance control signal LU outputted from the inductance 
control circuit 1 5, 

[0373] The present embodiment is the same as the 
second embodiment except that the scan driver 5b and 
the sustain driver 6b con'espond lo a driving circuit, first 
and second drMng circuits, and a final driving circuit, 
the variable inductance VL* a recovery capadtor C1 , a 
transistor Q3, and a diode D1 correspond to a first driv- 
ing circuit, the Inductance control circuit 1 5 corresponds 
to an inductance control circuity and the variable induct- 
ance VL corresponds to an inductance circuit and a var- 
iable Inductance circuit. 

[0374] Fig. 42 is a circuit diagram showing the config- 
uration of the variable inductance VL shown in Fig. 41 , 
The variable inductance VL shown in Fig, 42 comprises 
recovery coils LB and LS and a transistor QL, 
[0375J The recovery coil LB is connected between the 
node H2 and the node N1 » the recovery coil LS and the 
transistor QL are connected in series between the node 
N2 and the node N1, and the recovery cchI LB and the 
recovery coil LS are connected In parallel. An induct- 
ance control signal LU Is inputted to the gate of the tran- 
sistor QL. 

[0376] When the inductance value of the recovery coil 
LB is 0,6 \iH, and the inductance vaiue of the recovery 
coif LS is 0.9 ^H, a composite inductance value of the 
recovery coils LB and LS is 0*36 \i H. The relaUonship 
between a lighting rate and an efficient evaluation value 
at ea<^ delay time in a case where the Inductance value 
is 0,6 jiH is as shown in Fig* 43. The relationship be- 
tween a lighting rate and an efficient evaluation value at 
ea ch delay time Td in a case where the inductance value 
is 0,3 \iH is as shown in Figs. 17 and 32 (Fig. 32 shows 
the relationship in a case where the period is changed 
in a part of the range of the lighting rate wiUi respect to 



the delay time of 350 ns in Fig. 17), 
[0377] In Fig. 43 » a delay time Td indicated by each 
sign is the same as that in Fig. 17. An efficiency evalu- 
ation value at each delay time Td in each lighting rate 

5 uses, in a case where the delay time In the correspond- 
ing lighting rate is 0 ns as shown in Fig. 17, that is, in a 
case where the inductance value is 0.36 \l H, an effi- 
ciency evaluation value of the delay time of 0 ns in the 
corresponding lighting rate as a reference value, and is 

1 0 normalized by dividing the efficiency evaluation value at 
each delay time by the reference value, it is indicated 
that the higher the efficiency evaluation value is, the 
smaller power consumption becomes. 
[0378] Comparison between Fig. 43 and Fig. 17 

15 shows that power consumption is further reduced in Fig, 
43 where the inductance value is large. Consequently, 
power consumption can be reduced by not only control- 
ling the delay time Td but also changing the inductance 
value contributing to LC resonance as in each of the em- 

20 bodlments* 

[0379] Fig. 44 is a diagram showing Uie relationship 
between an efficiency evaluation value and a lighting 
rate In a case where the Inductance vaiue Is switched 
from 0.6 ixH to 0,36 when the lighting rate reaches 

25 not less than 65 % by the inductance control circuit 15 
on the basis of the relationship between an efficiency 
evaluation value and a lighting rate shown In Fig. 43. 
[0300] A solid line shovm in Fig, 44 indicates the re- 
lationship between an efficiency evaluation value and a 

30 lighting rate in a case where power consumption Is re- 
duced to its minimum, that Is, the relationship between 
an efficiency evaluation value and a lighting rate in cas- 
es where the delay time Td is set to 0 ns when the light- 
ing rate is 0 to 25 %, is set to 100 ns when the lighting 

35 rate is 25 to 45 %, is set to 200 ns when the lighting rate 
is 45 to 60 %, and is set to 350 ns when the lighting rate 
is 60 to 1 00 %, and the sustain period Is set to 6 jxs Vi^en 
the lighting rate is 0 to 80 %. and is set to 8 when the 
lighting rate is 80 to 1 00 % In control of the sustain period 

"fO depending on the lighting rate described using Fig. 33. 
103811 Then, a portion indicated by a one-dot and 
dash line shown In Fig. 44 indicates the reiationship be- 
tween a lighting rate and an eWiciency evaluation value 
in a case where the delay time is set to 0 ns with respect 

4s to the lighting rate of 0 to 30 %, and Is set to 200 ns with 
respect to the lighting rate of 30 to 65 % after the Induct- 
ance value IS set to 0.6 \xH. As the control of the induct- 
ance value, the inductance value is set to 0.6 )iH when 
the lighting rale is 0 to 65 %, and is set to 0.36 \xH when 

50 the lighting rate Is 65 to 100 %. That is^ illustrated is a 
case where the inductance value is decreased when the 
lighting rate is not less than a predetermined vaiue, for 
example, 65 %. In this case, the e^ctency evaluation 
value is further increased when the lighting rate is In the 

55 range of 0 to 65 %, thereby making it possible to further 
reduce power consumption. 

[03821 When the lighting rate is 0 to 65 %, therefore, 
the inductance con^ol circuit 15 outputs a low-level sig- 
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nat as the Inductance control signal LU, so that the tran- 
sistor QL \s turned off, and only the Inductance LB hav- 
ing an inductance value of 0.6 \iVi contrtbutes to LC res- 
onance. When the lighting rate is 65 to 100 %. the in- 
ductance control drcuit 1 6 outputs a high-^evel signal as 
the inductance control signal LU, so that the transistor 
QL IS turned off, and only the composite Inductance of 
the recovery cotis LS and LB having an inductance vafue 
of 0.36 ^ H contributes to LC resonance. 
[0383] in the present embodiment, control is thus car- 
ried out such that not only the timing at which the sustain 
pulses are increased again but aiso the inductance val- 
ue of LC resonance which raises Uie sustain pulses wi^ 
the increase In the lighting rate is decreased. Accord- 
ingly, discharges can be induced in a state where power 
consumption is reduced. Although in the above-men- 
tioned description , both the timing at which the sustain 
pulse rises again and the inductance value are control- 
led, only the inductance value may be controlled to re- 
duce power consumption. 

[0384] Fig. 45 is a circuit diagram showing the config- 
uration of another example of the variable inductance 
shown in Fig. 41 . The variable Inductance shown in Fig. 
45 comprises recovery coHs La to Ld and transistors Qa 
to Qd. 

[0385] The recovery coil La and the transistor Qa are 
connected In parallel. Similarly, the recovery coils Lb to 
Ld and the transistors Qb to Qd are respectively con- 
nected in parallel, and the recovery coil and the transis- 
tor which are connected in parallel are connected in se- 
ries between a node IM2 and a node N1. 
[0386] Letting Lq be the inductance value of the re- 
covery coil La, the inductance value of the recovery coil 
Lb is set to the inductance value of the recovery 
coil Lc is set to Lo/4, and the inductance value of the 
recovery coil Ld is set to Lq/8* In this case, 2^ inductance 
values can be set by ou^utting four Inductarwe control 
signals LU1 to LU4 from the inductance control circuit 
15 as an inductance control signal LU and carrying out 
on~off control of the transistors Qa to Qd, In the case of 
the example^ the inductance value is changed more 
finely depending on the lighting rate, thereby making it 
possible to set the most suitable state of LC resonance 
to further reduce power consumption. 
[0387] The number of connections of the recovery 
coils and the transistors is not particularly limited to four, 
described above. It can be changed into various num- 
bers of connections. The variable inductance is not par- 
ticulariy limited to that In each of the examples. It may 
have another configuration, provided that the induct- 
ance value can be varied depending on the inductance 
control signaL 

[0388] Although in each of the above-mentioned em- 
bodiments, description was made of the division Into 
sub-fields by the ADS system as an example, the divi- 
sion into sub-fields by an address-while-disptay 
scheme, for example, may be used, in which case the 
same effect can be obtained by detecting the lighting 



rate of discharge cells which are simultaneously turned 
on. Although in each of the above-mentioned embodi- 
ments, description was made of a case where power 
consumption is reduced by improving luminous effiden- 
5 cy corresponding to applied fK:>wer, the lumlnar>ce may 
be raised by Improving luminous efficiency, to achieve 
high luminance v^en tight is emitted with the same pow- 
er consumption without lowering applied power. 

10 

Claims 

1. A display device for selectively discharging a plu- 
rality of discharge cells to display an image, char- 

15 acterized by comprising: 

a display panel inctudlr^ said plurality of dis- 
charge ceils; 

a first driving circuit for applying a driving pulse 
zo to Uie selected discharge ceil In said display 

panel to Induce a first discharge; and 
a second driving circuit for increasing, after the 
first discharge is at least weakened by reducing 
a voltage of said driving pulse, the voltage of 
25 the driving pulse again, to induce a second dis- 

charge subsequently to the ^rst discharge. 

2. The display device according to claim 1 , 
characterized in ^at said second drMng drcuit In- 

30 duces said second disdiarge while a priming effect 
produced by said first discharge is obtahied. 

3. The display device according to claim 1 , 
characterized In that an interval between the peak 

35 of said first discharge and the peak of said second 
discharge Is not less than 1 00 ns nor more than 550 
ns. 

4. The display device according to claim 1 , 

40 characterized in that said second driving circuit in- 
duces said second discharge after said first dis- 
charge is weakened and is completely terminated. 

6, The di^lay device according to claim 1 , 
45 characterized in that the interval between the 
peak of said first discharge and fhB peak of said sec- 
ond discharge is not less than 300 ns nor more than 

550 ns. 

50 6, The display device according to claim 1, 

characterized in that the peak intensity of said 
second discharge Is not less than the peak intensity 
of said first discharge. 

55 7. The display device according to claim 1 , 
characterized in that 

said plurality of discharge cells respectively in- 
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dude capacitive loads, and 
satd first driving circuit comprises 

an inductance circuit having at ieastone in* 
ductance element having Its one end con- 
nected to said capacitive load^ and 
a resonance driving circuit for outpuftrng 
said driving pulse due to LC resonance by 
said capacitive (oad and said inductance 
element. 

8. The display device according to claim 1 , 
characterized in that said first driving circuit com- 
prises a first capacitive element provided outside 
said display panel as a current supply source for 
said driving pulse, said first capadtive element re- 
covering charges stored in said discharge cells. 

9, The display device according to claim 1, 
characterized by further comprising a third driving 
circuit for increasing, after said second discharge is 
at ieast weakened by reducing the voltage of said 
driving pulse, the voltage of said driving pulse 
again, to induce a third discharge subsequently to 
said second discharge. 

lOr The display device according to claim 9, 

characterized In that said third driving circuit re- 
peats an operation for increasing^ after the dis- 
charge is at least weakened by reducing the voltage 
of the driving pulse, the voltage of the driving pulse 
again, to continuously induce a plurality of times of 
discharges subsequent to the second discharge. 

11. The display device according to claim 9, 
characterized In that 

said second driving circuit comprises 

a second capacitive element provided outside 
said display panel as a current supply source 
for said driving pulse, and 
a voltage source for charging said second ca- 
pacitive element to a predetermined voltage, 

12, The display device according to claim 1 , 
characterized in that said driving pulse Includes a 
driving pulse which makes the transmission from a 
first potential to a second pK)tential and takes a max- 
ima! value and a minima! value at least once during 
the transition from the first potential to the second 
potential, and further comprising 

a final driving circuit for driving said driving 
pulse such that the transition speed from the final 
extreme value to the second potential is lower than 
the ^ansttion speed from the first F>otentlal to an ex- 
treme value immediately after that and the transition 
speed frcrni the subsequent extreme value to an ex- 
treme value immediately after that 



13, The display device according to claim 12, charac- 
terized in that 

said final driving circuit comprises 

5 a field effect transistor having its one end re- 

ceiving said second potential, and 
a current-limiting circuit for limiting a current of 
a contn^ signal inputted to the gate of said field 
effect transistor. 

10 

14. A display device for selectively discharging a plu- 
rality of discharge cells to display an image, char- 
acterized by comprising: 

IS a disfHay panel including said plurality of dis- 

charge cells; 

a driving circuit for applying a driving pulse to 
the selected d ischarge cell in said display panel 
to induce a second discharge after inducing a 
20 first discharge; 

a detection circuit for detecting the lighting rate 
of the discharge cells which are simultaneously 
turned on out of said plurality of cfischarge cells; 
and 

55 a control circuit for controlling said driving cir- 

cuit such that said driving pulse is changed de- 
pending on the lighting rate detected by said 
detection circuit. 

30 15, The display device according to claim 14, charac- 
terized by further comprising 

a conversion circuit for converting, in order to 
divide one field into a plurality of sub-^eids and 
35 discharge the selected discharge cell for each 

sub-freid to make gray scale expression, image 
data in the one field into image data in each 
sub-ffeld. 

said detection circuit comprising a sub-field 
^0 lighting rate detection circuit for detecting the 

lighting rate for each sub-field, 
said control circuit controlling said driving cir- 
cuit such that said driving pulse is changed de- 
pending on the lighting rate for each sub-field 
detected by said sub-field lighting rate detec- 
tion circuit, 

16, The display device according to claim 14, charac- 
terized in that 

50 said driving circuit comprises 

a first driving circuit for increasing the voltage 
of sakj driving pulse to induce said first dis- 
charge, and 

ss a second driving circuit for Increasing the volt- 

age of said driving pulse again to induce said 
second discharge after Inducing said first dis- 
charge» and 
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said control circuit controlling said second driv- 
ing Circuit such that satd driving pulse is 
changed depending on the iighting rate detect- 
ed by said detection cinxiit. 

17. The display device according to ctaim 16, charac- 
terized In that said second driving circuit increas- 
es, after said Urst discharge is at least weakened by 
reducing the voltage of said driving pulse ^ the volt- 
age of the driving pulse, to induce said second dis- 
charge subsequent to said first discharge. 

18. The display device according to claim 16, 
characterized In that said controi circuit changes 

the timing at which said second driving circuit in- 
creases the voltage of said driving pulse again de- 
pending on the lighting rate detected by said detec- 
tion circuit 

19. The display dev'fce according to ciaim 16, 
characterized in that the higher the lighting rate 
detected by said detection clrcutt is, the later the 
timing at whic^ said second driving circuit Increases 
the voltage of said driving pulse again is. 

20. The display device according to claim 16, 
characterized In that said controi circuit controls, 
when the lighting rate detected by said detection cir- 
cuit reaches not less Uian a predetermined value, 
said second driving circuit such that said second 
discharge is induced subsequently to said first dis- 
charge. 

21. The display device according to claim 16, 
chara.cterized in that said control circuit controEs 
said second driving circuit so as to delay the timing 
at which the voltage of the driving pulse is Increased 
again with ^e increase in the lighting rate detected 
by said detection circuit, and advance the timing at 
which the voltage of said driving pulse is increased 
again when the lighting rate Is increased to not less 
than the predetennnined value. 

22. The display device according to claim 16, 
characterized in that said controi circuit controts 
said second driving circuit so as to switch the timing 

at which the second driving circuit increases the 
voltage of the driving pulse again when the lighting 
rate detected by said detection circuit reaches not 
less than a predetermined value and change the 
number of pulses composing the driving pulse ap- 
plied to the selected discharge cell in the display 
panel such that luminance is approximately equal 
before and after the switching of the timing at which 
the voltage of the driving pulse Is increased again. 

23. The display device according to claim 14, 
characterized in that said conm>i circuit controls 



said driving circuit such that the higher the lighting 
rate detected by said detection circuit is, the longer 
the period of said driving pulse Is. 

5 24, The display device according to ciatm 14, 

characterized In that said control circuit controls 
said driving circuit so as to switch the period of said 
driving pulse when the lighting rate detected by said 
detection circuit reaches not less than a predeter- 

10 mined value and change the number of pulses com- 
posing the driving pulse applied to the selected dis- 
charge cell In said display panel such that lumi- 
nance is approximately equal before and after the 
switching of the period of said driving pulse. 

15 

25. The display de>flce according to claim 15, 
characterized In that 

said driving circuit applies, in the same sub- 
20 field, at least one of a ftrst driving puise for in- 

ducing a discharge once by applying one pulse 
and a seccmd driving pulse for Inducing said 
second discharge after Inducing said first dis- 
charge, and 

25 said control circuit controls said driving circuit 

so as to change the ratio of the number of times 
of application of said first driving pulse to the 
number of times of application of said second 
driving puise depending on the lighUng rate for 
30 each sub-field detected by said sub-fieid light- 

ing rate detection circuit. 

26. The display device according to claim 15, 
characterized in that 

35 

said driving circuit applies, In the same sub- 
field, at least one of a first driving pulse for in- 
ducing said first and second discharges at a 
first time interval and a second driving puise for 
40 inducing said first and second discharges at a 

second time interval longer than the first time 
interval, and 

said control circuit controls said driving circuit 
so as to change the ratio of the number of times 
45 of application of said first driving pulse to the 

number of times of application of said second 
driving pulse depending on the lighting rate for 
each sub-field detected by said sub-fteld light- 
ing rate .detection circuit 

50 

27. The display device according to claim 26, 
characterized In that the period of said second 
driving pulse Is longer dian the period of said first 
driving pulse. 

55 

28. The display device according to claim 26, 
characterized in that said controi circuit controls 
said driving circuit such that the hlgh^ the lighting 



25 



30 



35 



40 



37 



73 



EP1 152 387 A1 



74 



rate for each sub-fjeld detected by said sub-fietd 
Mghling rate detection circuit is, the higher the ratio 
of the number of times of application of said second 
driving pulse to the number of times of appacation 
of said first driving pulse becomes, 5 

29. The display device according to claim 26, 
characterized in that said control circuit controls 
said driving circuit so as to increase the ratio of the 
number of times of application of said second driv- 
ing pulse to the number of times of application of 
said first driving pulse with the increase in the light- 
ing rate for each sub-field detected by said sub-field 
lighting rate detection circuit, and furtt^er decrease 
the ratio of the number of times of application of the 
second driving pulse to the number of times of ap- 
plication of the first driving pulse with the increase 
in the lighting rate when the lighting rate is in- 
creased to not less than a predetermined value. 

30. The display device according to claim 16, 
characterized in that said first driving circuit com- 
prises a first capacitlve element (wovided outside 
said display panel as a current ^pply source for 

said driving pulse. 

31. The display device according to claim 30, 
charaeterteed in that said lirst capacitive element 
recovers charges stored in said discharge cell, 

32. The display device according to claim 16, 
characterized in that 

said plurality of discharge cells respectively in- 
clude capacitive loads, and 
said first driving circuit comprises 

an inductance circuit having at least one In- 
ductance element ha\^ng Its one end con- 
nected to said capacitive load, and 
a resonance driving circuit for outputting 
said driving pulse due to LC resonance by 
said capacitive load and said inductance 
element 

33^ The display device according to claim 32, 

oharactenzed In that said inductance circuit in- 
cludes a variable inductance circuit capable of 
changing an inductance value, and further compris- 
ing 

an inductance control circuit for changing the 
inductance value of said variable Inductance circuit 
depending on the lighting rate detected by said de- 
tection circuit, 

34» The display device according to claim 16, 
characterized In that 



said driving circuit further comprises a third 
driving circuit for increasing, after said second 
discharge is at least weakened by reducing the 
voltage of said driving pulse, the voltage of said 
driving pulse, to induce a third dis<:tkarge sub- 
sequently to said second discharge, and 
said control circuit controls said third dr'Mng cir- 
cuit such that said driving pulse is changed de- 
pending on the lighting rate detected by said 
detecUon circuit. 

35. The display device according to claim 34, 
characterized in that 

said third driving circuit repeats an operation for 
increasing the voltage of the driving pulse again 
after the discharge is at least weakened by re- 
ducing the voltage of the driving pulse, to con- 
tinuously induces plurality of times of discharg- 
es subsequent to the second discharge, and 
said control circuit controls said third driving cir- 
cuit such that said driving pulse is changed de- 
pending on the lighting rate detected by said 
detection circuit. 

36. The display device according to claim 34, 
characterized in that 

said second driving circuit comprises 

a second capacitive element provided outside 
said display panel as a current supply source 
for said driving pulse, and 
a voltage source for charging said second ca- 
pacitive element to a predetermined voltage. 

37. The display device according to claim 36, 
characterized in that said ventage source includes 
a variable voltage source capable of changing Its 
output voltage, and further comprising 

a voltage control circuit for controlling the out- 
put voltage of said variable voltage source such that 
the higher the lighting rate detected by said detec- 
tion circuit is, the lower a charging voltage for said 
second capacitive element becomes. 

38* The display device according to claim 36, 

characterized in that said voltage source includes 
a variable ventage source capable of changing its 
output voltage, and further comprising 

a potential detection circuit for detecting a po- 
tential of said driving pulse which is changed 
by said first discharge, and 
a voltage control circuit for controlling an output 
voltage of said variable voltage source suc^ 
that the larger the amount of change in the po- 
tential detected by said potential detection cir- 
cuit is, the lower the charging voltage for said 
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second capacrttve element becomes. 

39. A method of selectively discharging a plurality of 
discharge ceils to display an image, characterized 
by comprising the steps of: 

applying a driving pulse to the selects dis- 
charge ceil to induce a first discharge; and 
increasing, after said first discharge is at least 
weakened by reducing a voltage of said driving 
pulse, the voltage of the driving pulse again, to 
induce a second discharge subsequenfly to Uie 
first discharge, 

40. The method of driving a display delce according to 
claim 39, characterized by further comprising the 
step of 

increasing, after said second discharge is at 
least weakened by reducing the voltage of said driv- 
ing pulse* the voltage of the driving pulse again, to 
induce a third discharge subsequently to the sec- 
ond discharges. 

41. The method of driving a display deice according to 
claim 40, characterized in that the step of inducing 
said third discharge further comprises the step of 
repeating an operation for increasing, after the dis- 
charge is at least weakened by reducing the voltage 
of said driving pulse, the voltage of the driving puJse 
again, to conUnuousty Induce a plurality of times of 
discharges subsequently to the second discharge. 

42. The method of driving a display device according to 
claim 39, characterized in that said driving pulse 
includes a driving pulse which makes the transition 
from a first potential to a second potential and takes 
a maximal value and a minimal value at least once 
during the transition from die first potential to the 
second potential, and further comprising the step of 

driving said driving pulse such that the transi- 
tion speed from the final extreme value to the sec- 
ond potential is lower than the transition speed from 
the first potential to an extreme value immediately 
after that and the transition speed from the subse- 
quent extreme value to an extreme value immedi- 
ately after that. 

43. A method of selectively discharging a plurality of 
discharge celts to display an image, characterized 
by comprising the steps of: 

detecting the lighting rate of the discharge cells 
which are simultaneously turned on out of said 
plurality of discharge cells; and 
changing said driving pulse depending on the 
fighting rate detected by said detecting step to 
apply the driving pulse to the selected dis- 
charge celU sf»d Inducing a second discharge 



after inducing a first discharge. 

44. The method of driving a display deice according to 
claim 43, characterized in that 

s 

the step of Indudng said first and second dis- 
charges comprises the steps of 
increasing the voltage of the driving pulse ap- 
plied to the selected discharge cell, to induce 

10 the first discharge, and 

increasing the voltage of said driving pulse 
again to induce said second discharge after in- 
ducing said first discharge, and changing said 
driving pulse depending on the lighting rate de- 

"fs tected by said detectJr^ step. 

45. The method of driving a display deice according to 
claim 44, characterized in that the step of inducing 
said second discharge comprises the step of In- 

20 creasing, after said first discharge Is at least weak- 
ened by reducing the voltage of said driving pulse, 
the voltage of the driving pulse again, to induce the 
second discharge subsequently to the first dis- 
charge, and changing the timing at which the voft- 

26 age of said driving pulse is Increased again depend- 
ing on the lighting rate detected by said detecting 
step. 



30 Amended claims under Art. 19.1 PCT 

1. (Amended) A display device for selectively dis- 
charging a plurality of discharge cells to display an 
image, characterized by comprising: 

35 

a display panel including said plurality of dis- 
charge ceils; 

a first driving circuit for applying a driving pulse 
to the selected discharge cell in said display 

"fo panel to induce a first discharge; and 

a second driving circuit for increasing, after a 
voltage of the driving pulse is reduced by the 
first discharge, the voltage of the driving pulse, 
to induce a second discharge subsequently to 

45 said first discharge, 

2. The display device according to claim 1, 
characterized in that said second driving circuit in- 
duces said second discharge while a priming effect 

50 produced by said first discharge is obtained. 

3. The display device according to claim 1, 
characterized in that an interval between the peak 
of said first discharge and the peak of said second 

55 discharge is not tess than 1 00 ns nor more than 550 
ns. 

4. (Omitted) 
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5, The display device according to claim 1, 
characterized In that the interval between the 
peak of said first discharge and the peak of said sec- 
ond discharge is not less than 300 ns nor more than 
550 ns. 5 

6. The display device according to claim 1, 
characterized In that the peak intensity of said 
second discharge is not less than the peak Intensity 
of said ftrst discharge. 

7* The display device according to claim 1 , 
characterized In that 

said plurality of discharge cells respectively in- fs 
elude capacitrve loads, and 
said first driving circuit comprises 

an inductance circuit having at least one in- 
ductance element hiaving its one end con- 
nected to said capacitive load, and 
a resonance driving circuit for cxitputtrng 
said driving pulse due to LC resonance by 
said capacitrve load and said inductance 
element. 2& 

8. The display device according to claim 1 , 
characterized in that said first driving circuit com- 
prises a first capacitive element provided outside 
said display pane! as a current supply source for 30 
said driving pulse, said first capaciUve element re- 
covering charges stored In said discharge cells. 

9. (Amended) The display device according to claim 

1 , characterized by further comprising a third driv- 35 
ing circuit for increasing , after the voltage of the driv- 
ing pulse Is reduced by the second discharge, the 
voltage of the driving pulse, to induce third dis- 
charge subsequently to said second discharge. 

40 

10. (Amended) The display device according to 
claim 9, characterized in that said third driving cir- 
cuit repeats an operation for increasing, after the 
voltage of the driving pulse is reduced by the dis- 
charge, the voltage of the driving puise, to continu- -^^ 
ousiy induce discharges a plurality of times subse- 
qu^tly to the second discharge. 

11. The display device according to claim 9, 
characterized In that 50 

said second driving circuit comprises 

a seccHTtd capacitive element provided outside 
said display panel as a current supply source 
for said driving pulse, and 55 

a voltage source for charging said second ca- 
pacitive element to a predetermined voltage. 



12. The display device according to claim 1, 
characterized in that said driving pulse includes a 
driving pulse which makes the transmission from a 
first potential to a second potential and takes a max- 
imal value and a mining! value at least once during 
Bie ^ansHion Irom the first potential to the second 
potential, and further ccwnprising 

a final driving circuit for driving said driving 
pulse such that the transition speed from the final 
extreme value to the second potential Is lower than 
the transition speed from the first potential to an ex- 
treme value immediately afterthat and the transition 
speed from the subsequent extreme value to an ex- 
treme value immediately after that. 

13. The display device according to claim 12» char- 
acterized in that 

said final driving circuit comprises 

a field effect transistor having its one end re- 
ceiving said second potential, £ind 
a current-limiting circuit for limiting a current of 
a control sPgr^l inputted to the gate of said field 
effect transistor, 

14. A display device for selectivefy discharging a 
plurality of discharge cells to display an image, 
characterized by comprising: 

a display panel including said plurality of dis- 
charge ceils; 

a driving circuit for applying a driving pulse to 
the selected discharge cell in said display panel 
to induce a second discharge after Inducing a 
first discharge: 

a detection circuit for detecting the lighting rate 
of the discharge cells v/hlch are simultaneously 
turned on out of said plurality of discharge cells; 
and 

a control circuit for controlling said driving cir- 
cuit such thai said driving pulse is changed de- 
pending on the lighting rate detected by said 
detection circuit. 

1 5. The display device according to claim 14, char- 
acterized by further comprising 

a conversion circuit for converting^ in order to 

divide one field into a plurality of sub-fields and 
discharge the selected discharge celt for each 
sub-field to make gray scale expression. Image 
data in the one field into image data in each 
sub-field, 

said detection circuit comprising a sub-fteld 
llghthng rate detection cir<xjlt for detecting the 
lighting rate for each sub-field, 
said control circuit controlling said driving cir- 
cuit such that said driving pulse is changed de- 
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pending on the lighting rate for each sub-field 
detected by said sub-field lighting rate detec- 
tion drcuit. 

16. (Amended) The display device according to 5 
claim 14, characterized in that 

said driving circuit comprises 

a first driving circuit for increasing the voltage 
of said driving pulse to induce said first dis- 
charge, and 

a second drEvIng circuit for increasir^ the volt- 
age of said driving pulse to induce said second 
discharge after inducing said first discharge, 
and 

said controf circuit controlJtng said second driv- 
ing circuit such that said driving pulse Is 
changed depending on the lighting rate detect- 
ed by said detection circuit 

20 

17. (Amended) The display device according to 
claim 16, characterized tn that said second driving 
circuit increases, after the voltage of said driving 
pulse Is reduced by the first discharge, the voltage 

of the driving puise, to. Induce said second dis- 25 
charge subsequently to the ^rst discharge. 

IS. (Amended) The display device according to 
claim 16, characterized in that said control circuit 
changes the timing at which said second driving cir- 30 
cuit Increases the voltage of said driving pulse de- 
pending on the lighting rate detected by said detec- 
tion circuit 

19. (ysjnended) The display device according to 35 
daim 16, characterized In that the higher ttie light- 
ing rate detected by said detection circuit is, the lat- 
er the timing at which said second driving circuit tn- 
creases the voltage of said driving pulse is. 

40 

20. The display device according to claim 16, 
characterised in that said control circuit controls, 
when the lighting rate detected by said detection cir- 
cuit readies not less than a predetermined value, 
said secOTKl driving circuit such that said second ^5 
dlsdiarge is induced subsequently to said first dis- 
charge. 

21. (Amended) The display device according to 
claim 16, characterized in that said control circuit so 
controls said second driving drcult so as to deSay 
the timing at which the voltage of the driving pulse 

is increased With the increase in the lighting rate 
detected by said detection circuit, and advance the 
timing at which the voltage of said driving pulse is 55 
increased when the lighting rate is increased to not 
less than the predetermined value. 



22. (Amended) The display device according to 
claim 16, characterized in that said control circuit 
controls said second driving circuit so as to switch 
the timing at which the second driving circuit in- 
creases the ventage of the driving pulse when the 
iighttng rate detected by said detection drcuit 
reaches not less than a predetermined value and 
change the number of pulses composing the driving 
pulse applied to the selected discharge ceil in the 
display panel such that luminance is approximately 
equal before and after the switching of the Uming at 
which the voltage of the driving pulse Is increased. 

23. The display device according to claim 14, 
characterized In that said control circuit controls 
said driving circuit such that the higher the lighting 
rate detected by said detection circuit is, the longer 
the period of said driving pulse is. 

24. The display device according to claim 14, 
characteiized In that said control circuit controls 
said driving circuit so as to switch the period of said 
driving pulse when the lighting rate detected by said 
detection circuit reaches not less than a predeter- 
mined value and change the number of pulses com- 
posing the driving pulse applied to the selected dis- 
charge ceti in said display panel such that lumi- 
nance is appro>umately equal iDefore and after the 
switdiing of the period of said driving pulse. 

25. The display device according to daim 15, 
characterized in that 

said driving circuit applies, in the same sub- 
field, at least one of a first driving pulse for in- 
ducing a discharge once by applying one pulse 
and a second driving pulse for indudng said 
second discharge after indudng said first dis- 
charge, and 

said control circuit controls said driving circuit 
so as to change the ratio of the number of times 
of application of said first driving pulse to the 
number of times of application of said second 
driving pulse depending on the lighUng rate fc^- 
each sub-field detected by said sub-field light- 
ing rate detection circuit. 

26. The dispfay device according to claim 15, 
characterized in that 

said driving circuit appHes, in the same sub- 
field, at least one of a first driving pulse for in- 
ducing said first and second discharges at a 
first time interval and a second driving pulse for 
Inducing said first and second discharges at a 
second time interval longer than the first time 
interval, and 

said ccmtrol circuit controls said driving circuit 
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so as to change the ratio of the number of times 
of appHcation of said first drMng pulse to the 
number of times of application of said second 
driving pulse depending on the lighting rate for 
each sub-field detected by said sub-field light- s 
ing rate detection circuit. 

27. The display device according to ctaim 26, 
characterized in that the period of said second 
driving pulse is longer than the period of said first 

driving pulse. 

28. The display device according to claim 26, 
characterized in that said control circuit controls 
said driving circuit such that the higher the l^hting ^5 
rate for each sub-field detected by said sub-field 

lighting rate detection circuit is. the higher the ratio 
of the number of times of application of said second 
driving pulse to the number of times of appRcation 
of said first driving pulse becomes, 2<? 

29. The display device according to claim 26, 
characterized in that said control circuit controls 
said driving circuit so as to increase the ratio of the 
number of times of application of said second driv- 2^ 
ing pulse to the number of times of application of 
said first driving pulse with the increase in the light- 
ing rate for each sub-field detected by said sub-field 
lighting rate detection drcult and further decrease 
the ratio of the number of ti mes of application of the 30 
second driving pulse to ihe number of times of ap- 
plication of the first driving pulse with the increase 

in the lighting rate when the lighting rate is in- 
creased to not less than a predetermined value, 

35 

30. The display device according to claim 16, 
characterized in that said first driving circuit com- 
prises a ftrst capacitive element provided outside 
said display panel as a current supply source few 
said driving pulse. 

31. The display device according to claim 30, 
characterised In that said first capacitive element 
recovers charges stored in said dfsdiarge cell* 

46 

32. The display device according to claim 16, 
characterized in that 

said plurality of discharge cells respectively in- 
clude capacitive loads, and 
said first driving circuit comprises 

an inductance circuit having at least one in- 
ductance element having its one end con- 
nected to said capacitive load, and 
a resonance driving circuit for outputting 
said driving pulse due to LC resonance by 
said capacitive load and said inductance 



element. 

33, The display device according to claim 32, 
characterized in that said inductance circuit in- 
cludes a variable inductance circuit capable of 
changing an inductance value^ and further oomprts- 
tng 

an inductance control circirit for changing the 
inductance value of said variable inductance cirwjlt 
depending on the lighting rate detected by said de- 
tection circuit. 

34. (Amended) The display device according to 
claim 16, characterized In that 

said drMng drcuit further comprises a third 

driving circuit for increasing, after the voltage 
of said driving pulse is reduced by the second 
discharge^ the voftage of said driving pulse, to 
induce a third discharge subsequently to said 
second discharge, and 

said COTif rol circuit controls said third driving cir- 
cuit such that said driving pulse is changed de- 
pending on the lighting rate detected by said 
detection circuit. 

36, (Amended) The display device according to 
claim 9, characterized In that 

said third driving circuit repeats an operation for 
increasing the voltage of the driving pulse after 
flie voltage of the driving pulse is reduced by 

the discharge, to continuously induce discharg- 
es a plurality of times subsequently to the sec- 
ond discharge, and 

said control circuit controls said third driving cir* 
cult such that said driving pulse is changed de- 
pending on the lighting rate detected by said 
detection circuit. 

36. The display device according to claim 34, 
characterized in that 

said second driving circuit comprises 

a second capacitive element provided outside 
said display panel as a current supply source 
for said driving pulse, ar>d 
a voltage source for diarging said second ca- 
pacitive element to a predetermined voltage, 

37» The display device according to claim 36, 
characterized in that said voltage source includes 
a variable voltage source cap>abte of changir^ Its 
output voltage, and further com|wising 

a voltage control circuit for controlling the out- 
put voltage of said variable voltage source such that 
the higher the lighting rate detected by said detec- 
tion circuit is. the lower a charging voltage for said 
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second capacitive element becomes. 

38. The display device according to claim 36, 
characterized In that said voltage source includes 

a variable voltage source capable of changing Its s 
output voltage, and further comprising 

a potential detection circuit for detecting a po- 
tential of said driving pulse which is changed 
by said first discharge, and 
a voitage control circuit for controlltng an output 
voltage of said variable voltage source ^ch 
that the larger the amount of change In the po- 
tential detected by said potential detecticm cir- 
cuit Is, the lower the charging voltage for said 
second capacittve element becomes. 

39. (Amended) A method of selectively discharging 
a plurality of discharge cells to display an image, 
characterized by comprising the steps of: 20 

applying a driving pulse to the selected dis- 
charge cell to induce a first discharge; and 
increasing » after a voltage of said driving pulse 
is reduced by the first discharge, the voltage of 2s 
the driving pulse, to induce a second discharge 
subsequently to the first discharge. 

40. (Amended) The method of driving a display 
deice according to cfaim 39, characterized by fur- so 
ther comprising the step of 

increasing, after the voltage of said driving 
pulse is reduced by the second discharge, the volt- 
age of the driving pulse, to induce a third discharge 
subsequently to the second discharge. 35 

41. (Amended) The method of driving a dl^iay 
deice according to claim 40, characterized in ^at 

the step of inducing said third discharge further 
comprises the step of repeating an operation for in- ^0 
creasing, after the voltage of said driving pulse is 
reduced by the discharge, the voltage of the driving 
pulse, to continuously induce discharges a plurality 
of times subsequently to the second discharge. , 

45 

42* The method of driving a display device accord- 
ing to claim 39, characterised in that said driving 
pulse includes a driving pulse which makes the tran- 
sition from a first potential to a second potential and 
takes a maximal value and a minimal value at least so 
once during the transition from the first potential to 
the second potential, and further comprising the 
step of 

driving said driving pulse such that the transi- 
tion speed from the final extreme value to the sec- 55 
ond potential is lower than the transition speed from 
the first potential to an extreme value immediately 
after that and the transition speed from the subse- 



quent extreme value to an extreme value immedi- 
ately after that. 

43* A method of selectively discharging a plurality 
of disc^rge cells to display an Image, character- 
ized by comprising the steps of: 

detecting the fighting rate of the discharge cells 
which are simultaneously turned on out of said 
plurality of discharge cells; and 
changing said driving pulse depending on the 
lighting rate detected by said detecting step to 
apply the driving pulse to the selected dis- 
charge celt, and Inducing a second discharge 
after Inducing a first discharge. 

44. (Amended) The method of driving a display 
deice according to claim 43, characterized in that 

the step of inducing said first and second dis- 
charges comprises the steps of 
increasing the voltage of the driving pulse ap- 
plied to the selected discharge cell, to induce 

the first discharge, and 

Increasing the voltage of said driving pulse to 
induce said second discharge after inducing 
said first discharge, and changing said driving 
pulse depending on the lighting rate detected 
by said detecting step. 

45* (Amended) The method of driving a display 
deice according to claim 44, characterized in that 
the step of inducing said second discharge compris- 
es the step of Increasing, after the voitage of said 
driving pulse is reduced by the first discharge, the 
voltage of the driving pulse, to induce the second 
discharge subsequently to the first discharge, and 
changing the timing at which Uie voltage of said driv- 
ing pulse is Increased depending on the lighting rate 
detected by said detecting step. 
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FIG. 2 5 
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